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A  NEW  Edition  of  "Quain's  Anatomy"  having  been  required, 
the  duty  of  editing  the  Descriptive  Anatomy  has  been  under- 
taken by  Dr.  Allen  Thomson,  Professor  of  Anatomy  in  the 
University  of  Glasgow,  and  by  Dr.  Cleland,  Professor  of  Anatomy 
in  Queen's  College,  Galway.  The  text  of  the  pai-t  now  pub- 
Hshed  has  been  thoroughly  revised,  and  in  a  great  measure 
recast,  by  Dr.  Cleland,  with  the  assistance  and  supervision  of 
Dr.  Thomson.  New  Figures  have  for  the  most  part  been 
substituted  for  those  of  the  former  editions,  drawn  on  a  larger 
scale,  and  it  is  hoped  more  illustrative  of  the  objects.  The  duty 
of  selecting  these  figures  and  superintending  their  execution  has 
been  performed  by  Dr.  Thomson.  All  those  of  the  Bones  and 
most  of  those  of  the  Joints  have  been  drawn  by  the  Artist  from 
the  natural  objects.  Many  of  the  figures  of  the  Muscles  have  also 
been  drawn  from  nature,  and  most  of  the  others,  though  founded 
upon  the  most  approved  published  prints,  have  been  modified  and 
finished  from  actual  dissections.  The  plan  of  inscribing  the  names 
of  the  parts  on  the  figures  was,  after  careful  consideration,  not 
adopted,  since  its  advantage  over  descriptions  in  close  proximity, 
by  reference  letters  or  numbers,  was  thought  to  be  on  the  whole 
more  specious  than  real,  and  it  has  the  disadvantage  of  dis- 
figuring and  obscuring  the  design. 

The  General  Anatomy  is,  as  before,  revised  by  Dr.  Sharpey, 
and  is  paged  separately. 

The  present  part  will  be  speedily  followed  by  the  rest  of  the 
work,  which,  when  complete,  will  form  two  volumes. 


ERRATA. 


DESCniPTIVE  ANATOMY. 

Page  13,  line  17  from  tlie  bottom,  the  words  "pcsterior"  and 

"anterior"  should  be  transposed. 
Page  225,  Figure  185,  the  number  14  markid  as  pointing  to  the 
median  nerve  is  misplaced.    It  should  be  between  11  and  15. 


ELEMENTS  OF  ANATOMY. 


INTRODUCTION. 

Division  of  natural  Bodies.— The  material  objects  whicli  exist  in  nature 
belong  to  two  great  divisions  ;  those  which  are  living  or  which  have  lived, 
and  those  which  neither  are  nor  have  ever  been  endowed  with  life.  The 
first  division  comprehends  animals  and  plants,  the  other  mineral  sub- 
stances. 

In  a  living  animal  or  plant,  changes  take  place,  and  processes  are  earned 
on,  which  are  necessary  for  the  maintenance  of  its  living  state,  or  for  the 
fulfihnent  of  the  ends  of  its  being  ;  these  are  termed  its  functions,  and 
certaia  of  these  functions  being  common  to  all  living  beings  serve  among 
other  characters  to  distinguish  them  from  inert  or  mineral  substances. 
Such  are  the  function  of  nul/rition,  by  which  living  beings  take  extraneous 
matter  into  their  bodies,  and  convert  it  into  their  own  substance,  and  the 
function  of  generation  or  reproduction,  by  which  they  give  rise  to  new 
individuals  of  the  same  kind,  and  thus  provide  for  the  continuance  of  their 
species  after  their  own  limited  existence  shall  have  ceased. 

But  in  order  that  such  processes  may  be  carried  on,  the  body  of  a  living 
being  is  constructed  with  a  view  to  their  accomplishment,  and  its  several 
parts  are  adapted  to  the  performance  of  determinate  offices.  Such  a  consti- 
tution of  body  is  termed  organisation,  and  those  natural  objects  which  possess 
it  are  named  organised  bodies.  Animals  and  plants,  being  so  constituted, 
are  organised  bodies,  while  minerals,  not  possessing  such  a  structure,  are 
ino7-ganic. 

Object  of  Anatomy. — The  object  of  anatomy,  in  its  most  extended  sense, 
is  to  ascertain  and  make  known  the  structure  of  organised  bodies.  But  the 
science  is  divided  according  to  its  subjects ;  the  investigation  of  the 
structure  of  plants  forms  a  distinct  study  under  the  name  of  Vegetable 
Anatomy,  and  the  anatomy  of  the  lower  animals  is  distinguished  from  that 
of  man  or  human  anatomy  under  the  name  of  Comparative  Anatomy. 

Organs  and  Textures. — On  examining  the  structure  of  an  organised  body, 
we  find  that  it  is  made  up  of  members  or  organs,  through  means  of  which 
its  functions  are  executed,  such  as  the  root,  stem,  and  leaves  of  a  plant, 
and  the  heart,  brain,  stomach,  and  Umbs  of  an  animal  ;  and  further,  that 
these  organs  are  themselves  made  up  of  certain  constituent  materials  named 
tissues  or  textures,  as  the  cellular,  woody,  and  vascular  tissues  of  the 
vegetable,  or  the  osseous,  muscular,  connective,  vascular,  and  v.arioua 
others,  which  form  the  animal  organs. 
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Most  of  tlie  textures  occur  in  more  than  one  organ,  and  some  of  them 
indeed,  as  the  connective  and  vascular,  in  nearly  all,  so  that  a  multitude  of 
organs,  and  these  greatly  diversified,  are  constructed  out  of  a  small  number 
of  constitxieut  tissues,  just  as  many  different  words  are  formed  by  the 
varied  combinations  of  a  few  letters  ;  and  parts  of  the  body,  differing 
■widely  in  form,  construction,  and  uses,  may  agree  in  the  nature  of  their 
component  materials.  Again,  as  the  same  texture  possesses  the  same 
essential  characters  in  whatever  organ  or  region  it  is  found,  it  is  obvious 
that  the  structure  and  properties  of  each  tissue  may  be  made  the  subject 
of  investigation  apart  from  the  organs  into  whose  formation  it  enters. 

General  and  Descriptive  Anatomy. — These  considerations  naturally  point 
out  to  the  Anatomist  a  twofold  line  of  study,  and  have  led  to  the  subdivi- 
sion of  Anatomy  into  two  branches,  the  one  of  which  treats  of  the  nature 
and  general  properties  of  the  component  textures  of  the  body  :  the  other 
treats  of  its  several  organs,  members,  and  regions,  describing  the  outward 
form  and  internal  structure  of  the  parts,  their  relative  situation  and  mutual 
connection,  and  the  successive  conditions  which  they  present  in  the  pro- 
gress of  their  formation  or  development.  The  former  is  usually  named 
"General"  Anatomy,  or  "Histology;"*  the  latter  "Descriptive" 
Anatomy. 


•  From  iVrbs,  a  web. 


GENERAL  ANATOMY. 


GENERAL  CONSIDERATIONS  ON  THE  TEXTURES. 

Enumeration  of  the  Textures. — The  human  body  consists  of  solids  and 
fluids.  Only  the  solid  parts  can  be  reckoned  as  textures,  properly  so 
called ;  stUl,  as  some  of  the  fluids,  viz.  the  blood,  chyle,  and  lymph, 
contain  in  suspension  solid  organised  corpuscles  of  determinate  form  and 
organic  properties,  and  are  not  mere  products  or  secretions  of  a  particular 
organ,  or  confined  to  a  particular  part,  the  corpuscles  of  these  fluids, 
though  not  coherent  textures,  are  to  be  looked  upon  as  organised  consti- 
tuents of  the  body,  and  as  such  may  not  improperly  be  considered  along 
with  the  solid  tissues.  In  conformity  with  this  view  the  textures  and 
other  organised  constituents  of  the  frame  may  be  enumerated  as  fol- 
lows : — 

The  blood,  chyle,  and  lymph. 

Epidermic  tissue,  including  epithelium,  cuticle,  nails,  and  hairs. 
Pigment. 
Adipose  tissue. 
Connective  tissue,  viz. 

Areolar  tissue. 

Fibrous  tissue. 

Elastic  tissue. 
Cartilage  and  its  varieties. 
Bone  or  osseous  tissue. 
Muscle. 
Nerve. 

Blood-vessels. 

Absorbent  vessels  and  glands. 
Serous  and  synovial  membranes. 
Mucous  membrane. 
Skin. 

Secreting  glands. 

Vascular  or  ductless  glands. 

Organic  Systems. —Ever  j  texture  taken  as  a  whole  was  viewed  by  Bichat 
as  constituting  a  peculiar  system,  presenting  throughout  its  whole  extent 
in  the  body  characters  either  the  same,  or  modified  only  so  far  as  its  local 
connections  and  uses  render   necessary  ;  he   accordingly  used  the  term 

a  2 


iv 


GENEKAL  CONSIDERATIONS  ON  THE  TEXTURES. 


"  organic  systems"  to  designate  the  textures  taken  in  this  point  of  view, 
and  the  term  has  been  very  generally  employed  by  succeeding  writers. 
Of  the  tissues  or  organic  systems  enumerated,  some  are  found  in  nearly 
every  organ  ;  such  is  the  case  with  the  connective  tissue,  which  serves  as 
a  binding  material  to  hold  together  the  other  tissues  which  go  to  form  an 
organ  ;  the  vessels,  which  convey  fluids  for  the  nutrition  of  the  other 
textures,  and  the  nerves,  which  establish  a  mutual  dependence  among 
different  organs,  imparting  to  them  sensibility,  and  governing  their  move- 
ments. These  were  named  by  Bichat  the  "  general  systems."  Others 
again,  as  the  cartilaginoiis  and  osseous,  being  confined  to  a  limited  num- 
ber or  to  a  particular  class  of  organs,  he  named  "  particular  systems." 
Lastly,  there  are  some  tissues  of  such  limited  occurrence  that  it  has 
appeared  more  convenient  to  leave  them  out  of  the  general  enumeration 
altogether,  and  to  defer  the  consideration  of  them  until  the  particular 
organs  in  which  they  are  found  come  to  be  treated  of.  Accordingly,  the 
tissues  peculiar  to  the  crystalline  lens,  the  teeth,  and  some  other  parts, 
though  equally  independent  textures  with  those  above  enumerated,  are  for 
the  reason  assigned  not  to  be  described  in  this  part  of  the  work. 

Structural  Elements. — It  is  further  to  be  observed,  that  the  tissues  above 
enumerated  are  by  no  means  to  be  regarded  as  simple  structural  elements  ; 
on  "the  contrary,  many  of  them  are  complex  in  constitution,  being  made  up 
of  several  more  simple  tissues.  The  blood-vessels,  for  instance,  are  com- 
posed of  several  coats  of  difi"erent  structure,  and  some  of  these  coats 
consist  of  more  than  one  tissue.  They  are  properly  rather  organs  than 
textures,  although  they  are  here  included  with  the  latter  in  order  that 
their  general  structure  and  properties  may  be  considered  apart  from  their 
local  distribution  ;  but  indeed  it  may  be  remarked,  that  the  distinction 
between  textures  and  organs  has  not  in  general  been  strictly  attended  to 
by  anatomists.  The  same  remark  applies  to  mucous  membrane  and  the 
tissue  of  the  glands,  which  structures,  as  commonly  understood,  are  highly 
complex.  Were  we  to  separate  every  tissue  into  the  simplest  parts  which 
possessed  assignable  form,  we  should  resolve  the  whole  into  a  very  few 
constructive  elements  ;  and,  having  regard  to  form  merely,  and  not  to 
difference  of  chemical  constitution,  we  might  reduce  these  elements  to  the 
following,  viz. — 1.  simple,  fibre;  2.  homogemeous  membrane,  either  spread 
out  or  forming  the  walls  of  tubes  or  cells  ;  and  3,  globules  or  granules, 
varying  in  diameter  from  the  ^2^00*^  *°  ^ o'o  0*^  of  These, 
with  a  quantity  of  amorphous  matter,  homogeneous  or  molecular,  might  be 
said,  by  their  varied  combinations,  to  make  up  the  different  kinds  of 
structure  which  we  recognise  in  the  tissues  ;  and  if  we  take  into  account 
that  the  chemical  nature  of  these  formative  elements  and  of  the  amorphous 
matter  may  vary,  it  will  be  readily  conceived  that  extremely  diversified 
combinations  may  be  produced. 


PHYSICAL  PROPERTIES. 

The  animal  tissues  like  other  forms  of  matter  are  endowed  with  various 
physical  properties,  such  as  consistency,  density,  colour,  and  the  like.  Of 
these  the  most  interesting  to  the  Physiologist  is  the  property  of  imbibmg 
fluids,  and  of  permitting  fluids  to  pass  through  their  substance,  which  is 
essentially  connected  with  some  of  the  most  important  phenomena  that 
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occur  in  the  living  body,  and  seems  indeed  to  be  indispensable  for  tbe  main- 
tenance and  manifestation  of  life. 

All  the  soft  tissues  contain  water,  some  of  them  more  than  four-fifths  of  their 
wci-ht-  this  thev  lose  by  drying,  and  with  it  their  softness  and  flexibility,  and  so 
shrink  up  into  smaller  bulk  and  become  hard,  brittle,  and  transparent ;  but  when  the 
dried  tissue  is  placed  in  contact  with  water,  it  greedily  imbibes  the  fluid  again,  and 
recovers  its  former  size,  weight,  and  mechanical  properties.  The  imbibed  water  is  no 
doubt  partly  contained  mechanically  in  the  interstices  of  the  tissue,  and  retained 
there  by  capillary  attraction,  like  water  in  moist  sandstone  or  other  inorganic  porous 
substances  ;  but  the  essential  part  of  the  process  of  imbibition  by  an  animal  tissue  is 
not  to  be  ascribed  to  mere  porosity,  for  the  fluid  is  not  merely  lodged  between  the 
fibres  or  laminte,  or  in  the  cavities  of  the  texture  ;  a  part,  probably  the  chief  part,  la 
incorporated  with  the  matter  which  forms  the  tissue,  and  is  in  a  state  of  union  with 
it,  more  intimate  than  could  well  be  ascribed  to  the  mere  inclusion  of  a  fluid  in  the 
pores  of  another  substance.  Be  this  as  it  may,  it  is  clear  that  the  tissues,  even  in 
their  inmost  substance,  are  permeable  to  fluids,  and  this  property  is  indeed  necessary, 
not  only  to  maintain  their  due  softness,  pliancy,  elasticity,  and  other  mechanical 
qualities,  but  also  to  allow  matters  to  be  conveyed  into  and  out  of  their  substance  in 
the  process  of  nutrition. 


CHEMICAL  COMPOSITIOlf. 

Ultimate  Constituents. — The  human  body  is  capable  of  being  resolved  by 
ultimate  analysis  into  chemical  elements,  or  simple  constituents,  not  differ- 
ing in  nature  from  those  which  compose  mineral  substances.  Of  the 
chemical  elements  known  to  exist  in  nature,  the  following  have  been 
discovered  in  the  human  body,  though  it  must  be  remarked,  that  some  of 
them  occur  only  in  exceedingly  minute  quantity,  if  indeed  they  are 
constant  :  oxygen,  hydrogen,  carbon,  nitrogen,  phosphorus,  sulphur,  chlo- 
rine, fluorine,  potassium,  sodium,  calcium,  magnesium,  iron,  silicon,  man- 
ganese, aluminium,  copper, 

Proxirnate  Constituents. — The  ultimate  elements  do  not  directly  form  the 
textures  or  fluids  of  the  body  ;  they  first  combine  to  form  certain  com- 
pounds, and  these  appear  as  the  more  immediate  constituents  of  the  animal 
substance  at  least  the  animal  tissue  or  fluid  yields  these  compounds,  and 
they  in  their  turn  are  decomposed  into  the  ultimate  elements.  Of  the 
immediate  constituents  some  are  found  also  in  the  mineral  kingdom,  as  for 
example,  water,  chloride  of  sodium  or  common  salt,  and  carbonate  of  lime  ; 
others,  such  as  albumen,  fibrin,  and  fat,  are  peculiar  to  organic  bodies,  and 
are  accordingly  named  the  proximate  organic  principles. 

The  animal  proximate  principles  have  the  following  leading  characters  : 
They  all  contain  carbon,  oxygen,  and  hydrogen,  and  the  greater  number 
also  nitrogen  ;  they  are  all  decomposed  by  a  red  heat ;  and  excepti 
ing  the  fatty  and  acid  principles,  they  are,  for  the  most  part,  extremely 
prone  to  putrefaction,  or  spontaneous  decomposition,  at  least,  when  in  a 
moist  state  ;  the  chief  products  to  which  their  putrefaction  gives  rise  being 
water,  carbonic  acid,  ammonia,  and  sulphuretted,  phosphuretted,  and  carbu- 
retted  hydrogen  gases.  The  immediate  compounds  found  in  the  solids  and 
fluids  of  the  human  body  are  the  following  : 

I.  Azotised  Substances,  or  such  as  contain  nitrogen,  viz.,  albumen,  blood- 
fibrin,  muscle-fibrin  (or  syntoniu),  casein,  globulin,  gelatin,  chondrin, 
extractive  soluble  in  alcohol,  extractive  soluble  in  water,  salivin,  kreatin, 
kreatinine,  pepsin,  mucus,  horny  matter  or  keratin,  pigment,  haematin,  pyin, 
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urea,  uric  acid,  liippuric  acid,  inosiiiic  acid,  sarkin  (or  hypoxanthin),  leucin, 
tyrosin,  azotised  biliary  compounds. 

II.  Substances  destitute  of  Nitrogen,  viz.,  fatty  matters  (except  cerebric 
acid),  glycogen  (or  animal  starch),  animal  glucose,  sugar  of  milk,  inosit, 
lactic,  formic,  and  oxalic  acids,  certain  principles  of  the  bile. 

Some  of  the  substances  now  enumerated  require  no  further  notice  in  a  work 
devoted  to  anatomy.  Of  the  rest,  the  greater  number  will  be  explained,  as  far  as 
may  be  necessary  for  our  purpose,  in  treating  of  the  particular  solids  or  fluids  in 
which  they  are  chiefly  found;  but  there  are  a  few  of  more  general  occurrence, the 
leading  characters  of  which  it  will  be  advisable  here  to  state  very  briefly,  viz.  :— 

A.  Albuminoid  Principles,  albumen,  fibrin,  and  casein.  Coagulable — fibrin 
spontaneously,  albumen  by  heat,  casein  by  rennet.  Precipitated  by  mineral 
acids,  tannic  acid,  alcohol,  corrosive  sublimate,  subacetate  of  lead,  and 
several  other  metallic  salts.  When  coag\ilated,not  soluble  in  -water,  cold  or 
hot,  unless  after  being  altered  by  long  boiling ;  insoluble  in  alcohol ;  soluble 
in  alkalies  ;  soluble  in  very  dilute  and  also  in  concentrated  acids  ;  the  solu- 
tions precipitated  by  red  and  yellovf  prussiates  of  potash. 

B.  Gelatinous  Principles,  gelatin  and  chondrin.  Not  dissolved  by  cold 
water  ;  easily  soluble  in  hot  water  ;  the  solution  (at  least  that  of  gelatin) 
congealing  when  cold.  Precipitated  by  tannic  acid,  alcohol,  ether,  and 
corrosive  sublimate,  and  not  by  the  prussiates  of  potash.  Chondrin  pre- 
cipitated by  acids,  alum,  sulphate  of  alumina,  persulxDhate  of  iron,  and 
acetate  of  lead,  which  do  not  precipitate  gelatin. 

c.  Extractive  Matters,  associated  with  lactic  acid  and  lactates.  All  soluble 
in  water,  both  cold  and  hot  ;  some  in  water  only ;  some  in  water  and 
rectified  spirit  ;  some  in  water,  rectified  spirit,  and  pure  alcohol. 

D.  Fatty  Matters.  Not  soluble  in  water,  cold  or  hot  ;  soluble  in  ether 
and  in  hot  alcohol. 

It  has  been  shown  by  Mr.  Graham,*  that  chemical  substances  may  be  distinguished 
into  two  classes — the  a-ystalloid  and  the  colloid — which  diflfer  in  several  important 
characters.  Crystalloid  bodies,  of  which  water,  most  salts  and  acids,  and  sugar,  may 
be  taken  as  examples,  have  a  disposition  to  assume  a  crystalline  state ;  their  solutions 
are  usually  sapid,  difiluent,  and  free  from  viscosity ;  they  readily  diflTuse  in  liquids, 
and  pass  through  moist  organic  membranes  or  artificial  septa  of  organic  matter,  such 
as  parchment-paper.  Colloids,  on  the  other  hand,  are  characterised  by  low  difi'usibility 
and  great  indisposition  to  permeate  organic  septa,  so  that  when  they  are  associated 
with  crystalloids,  the  latter  may  be  easily  separated  by  diiFusion  through  a  septum 
into  another  fluid;  i.e,  by  "dialysis."  Colloids  are,  moreover,  generally  tasteless; 
they  have  little  or  no  tendency  to  crystallize,  and  their  solution,  when  concentrated, 
is  always,  in  a  certain  degree,  viscous  or  gummy.  Among  the  colloids  may  be 
reckoned  hydrated  silicic  acid,  and  various  hydrated  metallic  peroxides,  also  albumen, 
fibrin,  gelatin,  starch,  gum,  and  vegetable  and  animal  extractive  matters.  Several 
substances  may  exist  either  in  the  colloid  or  the  crystalloid  condition.  In  point  of 
chemical  activity  the  crystalloid  appears  to  be  the  more  energetic,  and  the  col- 
loidal the  more  inert  form  of  matter ;  but  the  colloids  possess  an  activity  of  their 
own,  arising  out  of  their  physical  properties,  and  especially  their  penetrability, 
by  which  they  become  a  medium  for  liquid  difi'usion,  like  water  itself.  Another 
characteristic  is  their  tendency  to  change;  the  solution  of  hydrated  silicic  acid, 
for  instance,  cannot  be  preserved;  after  a  time  it  congeals.  In  this  respect  a 
liquid  colloid  might  be  compared  to  liquid  water  at  a  temperature  below  freezing, 
or  to  a  supersaturated  saline  solution.  This  dominant  tendency  of  the  par- 
ticles of  a  colloid  to  cohere,  aggregate,  and  contract,  is  obvious  in  the  gradual 
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thickening  of  the  liquid  and  its  conversion  into  a  jelly ;  and  in  the  jelly  itself  the 
coutractioii  still  proceeds,  causing  separation  of  water,  and  division  into  a  clot  and 
serum.  Their  permeability  to  iluids,  their  ready  capability  of  physical  changes, 
and  their  comparative  chemical  inertness,  are  properties  by  which  colloid  bodies  seem 
fitted  to  form  organised  structures,  and  to  take  part  in  the  processes  of  the  living 
economy.  In  a  recent  research,*  Mr.  Graham  has  found  that  silicic  acid  may 
combine  both  in  a  dissolved  and  in  a  gelatinous  state  with  a  variety  of  very  different 
fluids  without  undergoing  alteration ;  and  presuming  that  the  organic  colloids  are 
invested  with  similar  wide  powers  of  combination,  he  remarks  that  the  capacity  of  a 
mass  of  gelatinous  silicic  acid  to  assume  alcohol,  or  even  olein,  without  disintegration 
or  alteration  of  form,  and  to  yield  it  up  again  in  favour  of  some  other  substituted 
'  fluid,  may  perhaps  afford  a  clue  to  the  penetration  of  the  colloid  matter  of  animal 
membrane  by  fatty  and  other  bodies  insoluble  in  water;  and  moreover,  that  the 
existence  of  fluid  compounds  of  silicic  acid  of  a  like  nature,  suggests  the  possibility  of 
the  formation  of  a  compound  of  colloid  albumen  with  olein,  soluble  also  and  capable 
of  circulating  with  the  blood. 

The  important  relation  which  this  new  chemical  doctrine  bears  to  the  constitution 
and  organic  processes  of  the  animal  body,  has  appeared  to  justify  the  introduction  of 
the  present  notice  of  it;  for  fui'ther  information  the  reader  is  referred  to  the  sources 
already  cited. 


VITAL  PROPERTIES  OF  THE  TEXTURES. 

Of  tlie  phenomena  exhibited  by  living  bodies,  there  are  many  "which,  in 
the  present  state  of  knowledge,  cannot  be  referred  to  the  operation  of  any 
of  the  forces  which  manifest  themselves  in  inorganic  nature  ;  they  are 
therefore  ascribed  to  certain  powers,  endowments,  or  properties,  which  so 
far  as  known,  are  peculiar  to  living  bodies,  and  are  accordingly  named 
"  vital  properties."  These  vital  properties  are  called  into  play  by  various 
stimuli,  external  and  internal,  physical,  chemical,  and  mental  ;  and  the 
assemblage  of  actions  thence  resulting  has  been  designated  by  the  term 
"life."  The  words  "  Ufe "  and  "vitality"  are  often  also  employed  to 
signify  a  single  principle,  force,  or  agent,  which  has  been  regarded  as  the 
common  source  of  all  vital  properties,  and  the  common  cause  of  all  vital 
actions. 

As  ordinarj'  physical  forces,  such  as  mechanical  motion,  heat,  electricity,  chemical 
action,  and  the  like,  although  differing  from  each  other  in  specific  character  and  mode 
of  operation,  are  nevertheless  shown  to  be  mutually  convertible  and  equivalent,  and 
are  held  to  be  but  different  modifications  of  one  and  the  same  common  force  or 
energy,  so  it  may  in  like  manner  come  to  be  shown  that  vital  action  is  similarly 
related  to  the  physical  forces  as  they  are  related  to  each  other,  and  is  also  a  mani- 
festation, under  conditions  special  to  the  living  economy,  of  the  same  common 
energy. 

1.  Assimilative  Force. — Of  the  vital  properties,  there  is  one  which  is 
universal  in  its  existence  among  organised  beings,  namely,  the  property, 
with  which  all  such  beings  are  endowed,  of  converting  into  their  own  sub- 
stance, or  "  assimilating,"  alimentary  matter.  The  operation  of  this  power 
is  seen  in  the  continual  renovation  of  the  materials  of  the  body  by  nutri- 
tion, and  in  the  increase  and  extension  of  the  organised  substance,  which 
necessarily  takes  place  in  growth  and  reproduction  ;  it  manifests  itself 
moreover,  in  individual  textures  as  well  as  in  the  entire  organism.  It  has 
been  called  the  "assimilative  force  or  property,"  "organising  force]" 

•  On  the  Properties  of  Silicic  Acid  and  other  Analogous  Colloidal  Substances  —Pro 
ceedings  of  the  Royal  Society,  June  16th,  18G4.  '•'-•tncefi,  rro- 
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"  plastic  force,"  and  is  known  also  by  various  ofclier  names.  But  in  reality 
the  process  of  assimilation  produces  two  diflferent  effects  on  the  matter 
assimilated  :  first,  the  nutrient  material,  previously  in  a  liquid  or  amorphous 
condition,  acquires  determinate  form  ;  and  secondly,  it  may,  and  commonly 
does,  undergo  more  or  less  change  in  its  chemical  qualities.  Such  being 
the  case,  it  seems  reasonable,  in  the  mean  time,  to  refer  these  two  changes 
to  the  operation  of  two  distinct  agencies,  and,  with  Schwann,  to  reserve 
the  name  of  "plastic"  force  for  that  which  gives  to  matter  a  definite 
organic  form  ;  the  other,  which  he  proposes  to  call  "  metabolic,"  being 
already  generally  named  "vital  affinity."  Respecting  the  last-named  agency, 
however,  it  has  been  long  since  remarked,  that  although  the  products  of 
chemical  changes  in  living  bodies  for  the  most  part  differ  from  those  appear- 
ing in  the  inorganic  world,  the  difference  is  nevertheless  to  be  ascribed,  not 
to  a  peculiar  or  exclusively  vital  affinity  different  from  ordinary  chemical 
affinity,  but  to  common  chemical  affinity  operating  in  circumstances  or  con- 
ditions which  present  themselves  in  living  bodies  only. 

2.  Vital  Contractility. — When  a  muscle,  or  a  tissue  containing  muscular 
fibres,  is  exposed  in  an  animal  during  Ufe,  or  soon  after  death,  and  scratched 
with  the  point  of  a  knife,  it  contracts  or  shortens  itself ;  and  the  property 
of  thus  visibly  contracting  on  the  application  of  a  stimulus  is  named  "  vital 
contractility,"  or  "irritability,"  in  the  restricted  sense  of  this  latter  tenn. 
The  property  in  question  may  be  called  into  play  by  various  other  stimuli 
besides  that  of  mechanical  irritation — especially  by  electricity,  the  sudden 
application  of  heat  or  cold,  salt,  and  various  other  chemical  agents  of  an 
acrid  character,  and,  in  a  large  class  of  muscles,  by  the  exercise  of  the  will, 
or  by  involuntary  mental  stimuli. 

The  evidence  that  a  tissue  possesses  vital  contractility  is  derived,  of 
course,  from  the  fact  of  its  contracting  on  the  application  of  a  stimulus. 
Mechanical  irritation,  as  scratching  with  a  sharp  point,  or  slightly  pinching 
with  the  forceps,  electricity  obtained  from  a  piece  of  copper  and  a  piece  of 
zinc,  or  from  a  larger  apparatus  if  necessary,  and  the  sudden  application  of 
cold,  are  the  stimuli  most  commonly  applied.  Heat,  when  of  certain 
intensity,  is  apt  to  cause  permanent  shrinking  of  the  tissue,  or  "crispation," 
as  it  has  been  called,  which,  though  quite  different  in  nature  from  vital 
contraction,  might  yet  be  mistaken  for  it  ;  and  the  same  may  happen  with 
acids  and  some  other  chemical  agents,  when  employed  in  a  concentrated  state ; 
in  using  such  stim\ilants,  therefore,  care  should  be  taken  to  avoid  this  source 
of  deception. 

3.  Vis  Nervosa. — The  stimulus  which  excites  contraction  may  be  applied 
either  directly  to  the  muscle,  or  to  the  nerves  entering  it,  which  then  com- 
municate the  effect  to  the  muscular  fibre,  and  it  is  in  the  latter  mode  that 
the  voluntary  or  other  mental  stimuli  are  transmitted  to  muscles  from  the 
brain.  Moreover,  a  muscle  may  be  excited  to  contract  by  irritation  of  a 
nerve  not  directly  connected  with  it.  The  stimulus,  in  this  case,  is  first 
conducted  by  the  nerve  irritated,  to  the  brain  or  spinal  cord ;  it  is  then, 
without  participation  of  the  will,  and  even  without  consciousness,  transferred 
to  another  nerve,  by  which  it  is  conveyed  to  the  muscle,  and  thus  at  length 
excites  muscular  contraction.  The  property  of  nerves  by  which  they 
convey  stimuli  to  muscles,  whether  directly,  as  in  the  case  of  muscular 
nerves,  or  circuitously,  as  in  the  case  last  instanced,  is  named  the  "  vis 
nervosa." 

4.  Sensibility.— We  become  conscious  of  impressions  made  on  various 
parts  of  the  body,  both  external  and  internal,  hy  the  faculty  of  sensation  ; 
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and  the  parts  or  textures,  impressions  on  which  are  felt,  are  said  to  be 
sensible,  or  to  possess  the  vital  property  of  "  sensibiUty. 

This  property  manifests  itself  in  very  different  degrees  in  different  parts  ; 
from  the  hairs  and  nails,  which  indeed  are  absolutely  insensible,  to  the  skin 
of  the  pouits  of  the  fingers,  the  exquisite  sensibility  of  which  is  wcl  known. 
But  sensibility  is  a  property  which  really  depends  on  the  brain  and  nerves, 
and  the  difi-ereut  tissues  owe  what  sensibility  they  possess  to  the  sentient 
nerves  which  are  distributed  to  them.  Hence  it  is  lost  in  parts  severed 
from  the  body,  and  it  may  be  immediately  extinguished  m  a  part,  by 
dividing  or  tying  the  nerves  so  as  to  cut  off  its  connection  with  the  brain. 

It  thus  appears  that  the  nerves  serve  to  conduct  impressions  to  the  brain,  which 
give  rise  to  sensation,  and  also  to  convey  stimuli  to  the  muscles,  which  excite 
motion;  and  it  is  not  improbable  that,  in  both  these  cases,  the  conductive  property 
exercised  by  the  nervous  cords  may  be  the  same,  the  difference  of  effect  dependmg  on 
this,  that  in  the  one  case  the  impression  is  carried  upwards  to  the  sensorial  part  of 
the  'brain,  and  in  the  other  downwards  to  an  irritable  tissue,  which  it  causes  to 
contract ;  the  stimulus  in  the  latter  case  either  having  originated  in  the  brain,  as  in 
the  instance  of  voluntary  motion,  or  having  been  first  conducted  upwards,  by  an 
afferent  nerve,  to  the  part  of  the  cerebm-spinal  centre  devoted  to  excitation,  and  then 
transferred  to  an  efferent  or  muscular  nerve,  along  which  it  travels  to  the  muscle.  If 
this  view  be  correct,  the  power  by  which  the  nerves  conduct  sensorial  impressions 
and  the  before-mentioned  "vis  nervosa"  are  one  and  the  same  vital  property ;  the 
difference  of  the  effects  resulting  from  its  exercise,  and,  consequently,  the  difference 
in  function  of  sensorial  and  motorial  nerves,  being  due  partly  to  the  different  nature 
of  the  stimuli  applied,  but  especially  to  a  difference  in  the  susceptibility  and  mode  of 
reaction  of  the  organs  to  which  the  stimuli  are  conveyed. 
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The  tissues  of  organised  bodies,  however  diversified  they  may  ultimately 
become,  show  a  wonderful  uniformity  in  their  primordial  condition.  From 
researches  which  have  been  made  with  the  microscope,  espeoially  during  the 
last  few  years,  it  has  been  ascertained  that  the  different  organised  structures 
found  in  plants,  and  to  a  certain  extent,  also  those  of  animals,  originate  by 
means  of  minute  corpuscles,  which,  having  for  the  most  part  a  vesicular 
structure,  have  been  named  cells.  These  so-called  cells,  remaining  as  sepa- 
rate corpuscles  in  the  fluids,  and  grouped  together  in  the  solids,  persisting 
in  some  cases  with  but  little  change,  in  others  undergoing  a  partial  or 
thorough  transformation,  produce  the  varieties  of  form  and  structure  met 
with  in  the  animal  and  vegetable  textures.  Nay,  the  germ  from  which  au 
animal  originally  springs,  so  far  at  least  as  it  has  been  recognised  under  a 
distinct  form,  appears  as  a  cell ;  and  the  embiyo,  in  its  earliest  stages,  is 
but  a  cluster  of  cells  produced  apparently  from  that  primordial  one  ;  no 
distinction  of  texture  being  seen  till  the  process  of  transformation  of  tho 
cells  has  begun. 

No  branch  of  knowledge  can  be  said  to  be  complete  ;  but,  even  now  that 
a  quarter  of  a  century  has  elapsed  since  the  promulgation  of  the  cell- 
doctrine,  there  is,  perhaps,  none  which  can  be  more  justly  regarded  as  in  a 
state  of  progress  than  that  which  relates  to  the  origin  and  development  of 
the  textures,  and  much  of  the  current  opinion  on  the  subject  is  uncertain, 
and  must  be  received  with  caution.  In  these  circumstances,  in  order  both 
to  facilitate  the  exposition,  and  to  explain  to  the  reader  more  fully  the 
groundwork  of  tho  doctrines  in  question,  we  shall  begin  with  a  short 
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account  of  the  development  of  the  tissues  of  vegetables  ;  for  it  was  in  conse- 
quence of  the  discoveries  made  in  the  vegetable  kingdom  that  the  happy 
idea  arose  of  applying  the  principle  of  cell-development  to  explain  the 
formation  of  animal  structures,  and  they  still  afford  important  aid  in  the 
study  of  that,  as  yet,  more  obscure  process. 
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Fig.  I. 


Fig.  I. — Nucleated  Cells  prom  a 
Bulbous  Root  ;  magnified  290  dia- 
METEKS  (Schwann). 


When  a  thin  slice  from  the  succulent  part  of  a  plant  is  viewed  under  the 
microscope,  it  is  seen  to  consist  chiefly  or  entirely  of  a  multitude  of  vesicles 
adhering  together,  of  a  rounded  or  angular  form,  and  containing  various 

coloured  or  colourless  matters  in  their 
interior ;  these  are  the  elementary 
cells  (fig.  I.;  fig.  ii.,'=).  These  cells 
are  so  constructed  that  their  walls  are 
in  close  apposition,  or  are  separated 
only  by  an  intercellular  substance, 
which,  accoi'ding  to  Hugo  von  Mohl,* 
has  so  gieat  a  similarity  to  the  sub- 
stance of  the  cell-walls  that  it  is  often  im- 
possible, even  with  the  aid  of  chemical 
re-agents,  to  discover  a  line  of  demar- 
cation between  them.  That  eminent 
phytologist  supposes  that  within  what 
is  commonly  called  the  cell-waU  there 
exists  an  extremely  delicate  mem- 
brane, constituting  an  interior  vesicle, 
which  he  names  the  "  Primordial  utricle."  This  is  in  most  cases  so  closely 
ajjplied  to  the  exterior  wall  as  to  be  undistinguishable  ;  but  in  young  cells, 
and  in  those  of  strictly  cellular  plants,  such  as  the  Algae,  <kc.,  during  the 
whole  of  their  existence  it  may,  according  to  Mohl,  be  separated  by  treating 
the  tissue  with  alcohol,  or  hydrochloric  or  nitric  acid,  and  then  the  interior 
vesicle  appears  shrivelled  up  and  separated  from  the  wall  of  the  cavity. 
But  the  reality  of  the  alleged  primordial  utricle  has  been  called  in  question, 
and  the  supposed  internal  membrane  is  held  to  be  merely  the  limiting  sur- 
face of  the  cell-contents  shrunk  away  from  the  inside  of  the  containing 
cavity,  and  perhaps  somewhat  consolidated  and  defined  by  the  re-agents 
employed.  Still,  whether  the  cell-contents  have  a  vesicular  limiting  mem- 
brane or  not,  they  originally  present  a  marked  contrast  in  chemical  nature 
to  the  containing  cell-wall  and  inter-cellular  substance,  and  would  appear  to 
fulfil  a  difi"erent  purpose  in  the  process  of  tissue  development,  t 

Besides  such  cells,  phtenogamous  or  flowering  plants  contain  tubes, 
vessels,  and  other  forms  of  tissue  (fig.  ii.,"* ")  ;  but  a  great  many  plants  of 
the  class  cryptogamia  are  composed  entirely  of  cells,  variously  modified,  it 
is  true  to  suit  their  several  destinations,  but  fundamentally  the  same 
throughout ;  nay,  there  are  certain  very  simple  modes  of  vegetable  existence, 
in  which  a  sinde  cell  may  constitute  an  entire  plant,  as  in  the  well-known 
green  powder/ crust  which  coats  over  the  trunks  of  trees,  damp  walls,  and 


♦  Die  vegetabilische  Zelle  ;  or  English  translation  by  Henfrey.  ^ 
+  See  an  interesting  discussion  of  this  subject  by  Mr.  Huxley  m  the  British  and 
Foreign  Medical  Review  for  1853. 
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other  moist  surfaces.  In  this  last  case,  a  simple  detached  cell  exercises  the 
functions  of  an  entire  independent  organism,  imbibing  and  elaborating 
extraneous  matter,  extending  itself  by  the  process  of  growth,  and  continuing 
its  species  by  generating  other  cells  of  the  same  kind.  Even  in  the  aggre- 
gated state  in  which  the  cells  exist  in  vegetables  of  a  higher  order,  each  cell 
still,  to  a  certain  extent,  exercises  its  functions  as  a  distinct  individual ;  but 
it  is  now  subject  to  conditions  arising  from  its  connection  with  the  other 
parts  of  the  plant  to  which  it  belongs,  and  is  made  to  act  in  harmony  with 
the  other  cells  with  which  it  is  associated,  in  ministering  to  the  necessities 
of  the  greater  organism  of  which  they  are  joint  members.  These  elementary 
parts  are  therefore  not  simply  congregated  into  a  mass,  but  combined  to 
produce  a  regularly  organised  structure  ;  just  as  men  in  an  army  are  not 
gathered  promiscuously,  as  in  a  mere  crowd,  but  are  regularly  combined  for 
a  joint  object,  and  made  to  work  in  concert  for  the  attainment  of  it ;  living 
and  acting  as  individuals,  but  subject  to  mutual  and  general  control. 

Now  the  varied  forms  of  tissue  found  in  the  higher  orders  of  plants  do 
not  exist  in  them  from  the  beginning  ;  they  are  derived  from  cells.  The 
embryo  plant.  Like  the  embryo  animal,  is  in  its  early  stages  entirely  formed 
of  cells,  and  these  of  a  very  simple  and  uniform  character  ;  and  it  is  by  a 
transformation  of  some  of  these  cells  in  the  further  progress  of  development 
that  the  other  tissues,  as  well  as  the  several  varieties  of  cellular  tissue  itself, 
are  produced.  The  principal  modes,  as  far  as  yet  known,  in  which  vegetable 
cells  ai"e  changed,  are  the  following. 

1.  The  cells  may  increase  in  size  ;  simply,  or  along  with  some  of  the 
other  changes  to  be  immediately  described. 

2.  They  alter  in  shape.  Cells  have  originally  a  spheroidal  or  rounded 
figure  ;  and  when  in  the  progress  of  growth  they  increase  equally,  or  nearly 
so,  in  every  direction,  and  meet  with  no  obstacle,  they  retain  their  rounded 
form.    When  they  meet  with  other  cells  extending  themselves  in  like 


Fig.  II. 


Fig.  III. 


Fig.  II.— Textures  seen  in  a  Lonqitudinal  Section  of  the  Leap-Stalk  of  a 

Flowering  Plant. 

Fig.  III.— Stellate  Vegetaulb  Cells. 

manner,  they  acquire  a  polyhedral  figure  (fig.ii.,'  %  by  mutual  pressure  of 
their  sides.    When  the  growth  takes  place  more  in  one  direction  than  in 
another,  they  become  flattened,  or  they  elongate  and  acquire  a  prismatic 
fusiform,  or  tubular  shape  (fig.  ii.,^^*).      Sometimes,  as  in  the  common 
rush,  they  assume  a  starlike  figure,  by  mutual  adhesion  of  their  walls  at 
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certain  points,  wliilst  they  retire  from  each  otlier  elsewhere,  so  as  to  leave 
radiating  branches  connected  with  the  points  of  similar  rays  from  adjacent 
cells  (fig.  nr.), 

3.  The  cells  coalesce  with  adjoining  cells,  and  open  into  them.  In  this 
way  a  series  of  elongated  cells  placed  end  to  end  may  open  into  one  another 
by  absorption  of  their  cohering  membranes,  and  give  rise  to  a  tubular 
vessel. 

4.  Changes  take  place  in  the  substance  and  in  the  contents  of  the  cells. 
These  changes  may  be  chemical,  as  in  the  conversion  of  starch  into  gum, 
sugar,  and  jelly,  and  in  the  production  of  various  coloured  matters,  essential 
oils,  and  the  like.  Or  they  may  affect  the  form  and  arrangement  of  the 
contained  substances  ;  thus,  the  contents  of  the  cell  very  frequently  assume 
the  form  of  granules,  or  spherules,  of  various  sizes  ;  at  other  times  the  con- 
tained matter,  suffering  at  the  same  time  a  change  in  its  chemical  nature 
and  in  consistency,  is  deposited  on  the  inner  surface  of  the  cell-wall,  so  as 
to  thicken  and  strengthen  it.  Such  "secondary  deposits,"  as  they  are 
termed  by  botanists,  usually  occur  in  successive  strata,  and  the  deposition 
may  go  on  till  the  cavity  of  the  cell  is  nearly  or  completely  filled  up  (fig.  iv.). 
It  is  in  this  way  that  the  woody  fibre  and  other  hard  tissues  of  the  plant 
are  formed.  It  farther  appears  that  the  particles  of  each  layer  are  disposed 
in  lines,  running  spirally  round  the  celL  In  place  of  forming  a  continuous 
layer,  these  secondary  deposits  may  leave  little  spots  of  the  cell- wall  un- 
covered, or  less  thickly  covered,  and  thus  give  rise  to  what  is  named  pitted 

tissiie  (fig.  II./)  ;  or  they  may  assume  the  form  of  a 
slender  fibre  or  band,  single,  double,  or  multiple,  running 
in  a  spiral  manner  along  the  inside  of  the  cavity,  or 
forming  a  series  of  separate  rings  or  hoops,  as  in  spiral 
and  annular  vessels  (fig.  ii.,'').     New  matter  may  be 
absorbed  or  imbibed  into  the  cells  ;  or  a  portion  of 
their  altered  and  elaborated  contents  may  escape  as  a 
Fig.  IV.  —  Ceoss    secretion,  either  by  transudation  through  the  cell-waU, 
Section  of  Liqnkous        .    rupture  or  absorption  of  the  membrane.  Lastly, 
Cells      containing     .  .  ,  i       -u  n  l-  ^^ 

Stratified  Deposit,    in  certam  circumstances,  cells  may  be  wholly  or  partially 

removed  by  absorption  of  their  substance. 

5.  Cells  may  produce  or  generate  new  cells.  The  mode  in  which  this 
takes  place  will  be  immediately  considered,  in  speaking  of  the  origin  of 
animal  cells. 


FOB>IATION  OF  THE  ANIMAL  TEXTURES. 

Passing  now  to  the  development  of  the  animal  tissues,  it  may  first  be 
remarked  generally,  that  in  some  instances  the  process  exhibits  an  obvious 
analogy  with  that  which  takes  place  in  vegetables  ;  for  certain  of  the  animal 
tissues,  in  their  earlier  conditions,  appear  in  form  of  a  congeries  of  cells, 
ahnost'  entirely  resembling  the  vegetable  cells,  and,  in  their  subsequent 
transformations,  pass  through  a  series  of  changes  in  many  respects  parallel 
to  some  of  those  which  occur  in  the  progress  of  vegetable  development. 
Cartilage  affords  a  good  example  of  this.  Figures  v.  and  vi  A,  are 
maKuified  representations  of  cartilage  in  its  early  condition  ;  and  whoever 
compares  them  with  the  appearance  of  vegetable  cells,  sho^^m  m  figures  i  and 
II.,  must  at  once  be  struck  with  the  resemblance.  Fig.  vi.,  b  and  c,  shows 
the  subsequent  changes  on  the  primary  cells  of  cartilage  ;  the  parietes  are 
seen  to  have  become  thickened  by  deposit  of  fresh  material,  and  the  mass 
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Fig.  V. 


between  the  cavities  is  increased.  Now,  although  in  certain  cases  it  would 
seem  that  this  increase  is  in  part  duo  to  deposit  of  intermediate  substance 
independently  of  the  coalescence  of 
thickened  cell-walls,  yet  the  process  on 
the  whole  may  be  not  unaptly  com- 
pared with  the  formation  of  the  hard 
tissues  of  plants  from  the  thickened 
sides  of  vegetable  cells.  Again,  during 
the  growth  of  most  cartilages  the  cells 
increase  in  number,  new  ones  being 
formed  within  the  old,  as  happens  in 
many  vegetable  structures. 

The  instance  now  given,  and  others 
to  the  same  effect,  which  will  be  men- 
tioned as  we  proceed,  tend  to  show  a 
certain  fundamental  resemblance  in  the 
process  of  textural  development  in  the 
two  kingdoms  ;  but,  when  we  come  to 
inquire  into  the  various  modifications 
which  that  process  exhibits  in  the 
formation  of  particular  textures,  we  encounter  serious  difficulties.  The 
phenomena  are  sometimes  difficult  to  observe,  and,  when  recognised,  are 
perhaps  susceptible  of  more  than  one  interpretation  ;  hence  have  arisen  con- 


Fig.  V.  —Section  op  a  Branchial 
Cartilage  op  a  Tadpole,  showing 
THE  Early  Condition  of  the  Cells  ; 
MAGNIFIED  450  DIAMETERS  (Schwann). 


Fig.  VI.  —  Cartilage  op 
THE  Branchial  Rat  op 
A  Fish  {Cyprinus  ery- 
throphihalmus)  in  dif- 
ferent Stages  of 
Advancement  ;  magni- 
fied 450  DIAMETERS 
(Schwann). 


flicting  statements  of  fact,  and  differences  of  opinion,  at  present  irreconcUe- 
able,  which  future  inquiry  alone  can  rectify,  and  which  in  the  mean  time 
offer  serious  obstacles  to  an  attempt  at  generalisation.  In  what  follows, 
nothing  more  is  intended  than  to  bring  together,  under  a  few  heads,  the 
more  general  facts  as  yet  made  known  respecting  the  formation  of  the 
animal  textures,  in  so  far  as  this  may  be  done  without  too  much  anticipating 
details,  which  can  only  be  suitably  and  intelligibly  given  in  the  special 
history  of  each  texture. 

Stnichire  of  Cells. — A  vegetable  cell  consists  of,  1.  a  containing  wall  or 
envelope,  surrounding  and  enclosing  the  other  parts,  and  named,  from  the 
nature  of  the  substance  of  which  it  is  composed,  the  cellulose  vjall  (fig.  vii., 
o,  a')  ;  2.  the  cell  contents — fluid,  slimy,  or  of  mixed  nature  (b)  ;  3.  the 
nucleus  (c),  a  rounded  corpuscle  situated  somewhere  in  the  interior,  which 
however  disappears  from  many  vegetable  cells  when  they  have  reached 
maturity.  In  the  nucleus  are  commonly  to  be  seen  one  (c)  or  two  (c*), 
rarely  more,  minute  spots  named  oiucleoli.  Further,  some  phytologists 
maintain  that  within  the  cell-wall,  and  distinct  from  it,  there  is  a  delicate 
membrane  or  film  immediately  inclosing  the  cell-contents,  the  primordial 
utricle  ;  but  although  the  semblance  of  such  an  interior  inveloping  film  may 
be  brought  into  view  by  the  application  of  certain  re-ageuts  (as  at  d),  its 


STRUCTURE  OF  CELLS. 


existence  as  a  natural  structure  is  (as  already  remarked,  p.  x)  at  best  but 
doubtful. 


Fig.  YII. 


Fig.  vm. 


 t 


Fig.  VII. — Diagram  op  Vegetable  Cells. 

a,  a',  cellulose  wall ;  6,  cell-contents ;  c,  c',  nucleus ;  d,  contents  shrunk  away  from 
cell-wall. 

Fig,  Yin. — Diagram  op  Animal  Cells  (op  Cartilage). 

a,  a',  capsule;  6,  cell -contents ;  c,  nucleus;  d,  cell-contents  shrunk  away  from  the 
capsule. 

Certain  animal  cells  have  a  structure  comformable  tlirougbout  with  that 
just  indicated  as  belonging  to  vegetable  cells.  Thus,  the  cartilage  cell  has 
an  outer  envelope  or  capsule  (fig.  viii. ,  a,  a'),  not  indeed  composed  of  cellulose 
but  of  animal  matter,  comparable  nevertheless  with  the  vegetable  cellulose- 
wall,  and  in  like  manner  continuous  with  the  intercellular  substance.  The 
cell-contents  (6),  nucleus  (c),  and  nucleolus  or  nucleoli,  correspond.  Finally, 
it  has  been  held  that  there  is  here  also  a  fine  interior  envelope  correspond- 
ing to  the  primordial  utricle  of  the  vegetable  cell,  and  it  may  be  added  that 
the  agreement  extends  to  the  doubt  entertained  of  the  reality  of  such  a 
membrane  in  either  case. 

But  many  animal  cells  have  no  exterior  capsule  answering  to  the  cellulose 
vegetable  cell- wall,  and  accordingly  represent  only  the  parts  of  the  vegetable 
cell  which  are  within  that  enclosure  ;  that  is,  the  nucleus  and  the  mass  of 
cell-contents.  The  chyle-  lymph-  and  pale  blood-corpuscles,  the  mucus- 
and  salivary  corpuscles,  and  the  cells  that  first  appear  in  the  embryo,  may 
be  adduced  as  examples.  Some  cells  of  this  description  have  or  acquire  a 
fine  membranous  envelope  closely  investing  their  surface,  and  corresponding 
to  the  supposed  primordial  utricle  ;  but  many  of  them  appear  to  be  naked, 
and  to  consist  of  a  nucleus  surroimded  by  a  mass  of  soft  matter  — the  so- 
called  cell-contents — often  containing  solid  granules  which  are  held  together 
by  a  tenacious  substance.  In  these  cases  the  matter  at  the  surface  is  more 
condensed  than  in  the  interior,  where  not  unfrequently  it  is  more  or  less 
fluid.  There  is  moreover  a  well-defined  superficial  outline,  but  there  is 
wanting  an  internal  contour-line  marlcing  oflF  an  envelope  distinct  from  the 
contained  substance.  Such  bodies,  it  is  true,  may  sometimes  show  appear- 
ances indicating  the  presence  of  an  envelope,  when  they  are  treated  with 
certain  chemical  re-agents  ;  but  in  such  cases  the  apparent  envelope  may  be 
produced  by  the  action  of  the  substances  employed.  At  the  same  time  it 
must  be  borne  in  mind  that  various  cells  which  in  their  young  state  have  no 
envelope,  distinctly  acquire  one  at  a  later  stage  of  their  existence  ;  and 
this  occurrence  is  especially  to  be  observed  in  cells  which  are  destined  to 
form  consistent  structures,  such  as  epidermis  and  epithelium.    In  these 
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cases  the  younger  and  more  deeply-seated  cells  have  no  envelope  but  acquire 
one  before  taking  their  place  in  the  more  superficial  firm  layers.* 

The  envelope,  when  present,  is  thin,  transparent,  homogeneous,  flexible, 
and  permeable  to  fluids.     The  contents  diff-er  greatly  m  different  cells  ; 
but  i^  those  that  form  the  first  foundation  of  the  tissues  and  organs  m 
the  embryo,  in  young  cells  generally,  and  in  some  cells  throughout  their 
whole  existence,  the  contained  matter  is  a  peculiar  semifluid  substance, 
named  protoplasm.,  and  granular  particles,  mostly  of  a  fatty  nature,  densely 
or  sparingly  mixed  with  it.    The  protoplasm  is  transparent,  colourless,  not 
diffluent,  but  tenacious  and  sUmy,  and  under  high  magnifymg  powers  is 
seen  to  contain  very  fine  molecules.     In  chemical  properties  it  agrees 
generally  with  albuminoid  bodies,  but  in  many  animal  ceUs  it  doubtless 
also  includes  other  organic  principles,  especially  fat  and  glycogenous  or 
amyloid  matter.     The  protoplasm  is  endowed  with  remarkable  powers 
of  contraction  and  motion,  to  be  afterwards  referred  to.     But,  while 
certain  cells,   as  already  said,  retain  their  primary  constitution,  others 
acquire  very  different  matters  :  many  contain  mucus  ;   the  fat-cells  are 
filled  with  oil ;  the  cells  of  glands  include  the  characteristic  ingredients  of 
the  secretions  ;  the  substance  of  the  red  blood-cells  is  coloured,  and  certain 
cells  are  filled  with  particles  of  pigment.    Very  commonly  in  vegetable  cells 
the  protoplasm  occupies  but  a  small  part  of  the  space  within,  while  the  re- 
mainder is  filled  with  watery  fluid  with  which  the  protoplasm  does  not  mingle. 

Free  Nuclei. — Besides  the  bodies  which  have  been  called  cells,  corpuscles 
having  all  the  characters  of  cell-nuclei  exist  abundantly  in  various  tissues, 
such  as  the  membranous  walls  of  the  capillaries,  the  sheaths  of  nerve-fibres, 
muscular  fibres,  &c.  But  in  some  of  these  cases  it  is  obvious,  in  others 
highly  probable,  that  the  nuclei  are  associated  with  a  certain  amount  of 
protoplasm,  although  not  in  the  usual  mass  and  form  of  a  cell. 

Production  of  Cells. — Consistently  with  the  present  state  of  knowledge 
on  this  subject,  the  following  may  be  assigned  as  the  several  modes  in  which 
cells  and  nuclei  are  observed  to  be  produced  in  the  animal  system  ;  but 
while  the  process  varies  in  outward  conditions  in  each  of  these  cases,  it  can 
scarcely  be  doubted  that  it  will  prove  to  be  intrinsically  and  fundamentally 
tfie  same  in  all. 

a.  In  the  Ovuvi. — The  ovum  may  be  regarded  as  a  cell  derived  from 
the  parent.  In  mammaha  (fig.  ix.,  a),  it  has  a  transparent  but  stout 
external  membrane  (a)  ;  within  this  is  the  yelk  (h),  corresponding  to  the 
cell-contents  ;  in  the  yelk  is  the  germinal  vesicle  (c),  including  the  ger- 
minal spot  {macula  germinativa),  which  are  comparable,  respectively,  to  the 
nucleus  and  nucleolus.  The  yelk  consists  originally  of  fine  molecular 
particles  held  together  in  a  transparent  tenacious  matrix  of  protoplasm  ; 
and  when  once  fertilisation  has  taken  place,  the  yelk-mass  undergoes  a 
process  of  subdivision  or  "  segmentation,"  whereby  it  is  fashioned  into 

•  The  existence  of  animal  cells  destitute  of  envelope,  although  more  insisted  on  of  late 
years,  has  been  all  along  recognised  in  the  study  of  cell-development,  and  was  expressly 
pointed  out  by  Schwann  himself  (Microscopische  Untersuchungen,  &c.,  p.  209).  It  Las 
appeared  to  some  tliat  another  name  .should  be  used  to  designate  bodies  which  thus  exist 
in  a  naked  non- vesicular  form.  Briicke  proposes  to  call  them  "elementary  organisms,"  a 
term  too  cumbrous  for  use  ;  as  the  first  "  shaped  "  products  of  organisation  which  appear 
in  the  development  of  all  but  the  lowest  organised  beings,  they  might  be  named  "proto- 
plasts," or,  as  that  name  has  been  alreadyused  in  a  widely  different  sense — "monoplasts  ;" 
but,  after  all,  seeing  the  universal  cuiTency  of  the  term  "cell,"  it  is  probably  most  con- 
venient and  best  to  adhere  to  it,  with  the  understanding  that  in  many  cases  it  is  used  in 
a  conventional  sense. 
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coUa,  progressively  increasing  in  number,  which  combine  to  form  the  first 
material  substratum  of  the  tissues  and  organs  of  the  embryo,  and  are  hence 
termed  "  embryonic  cells." 

The  outline  of  the  process  is  this.  The  germinal  vesicle  disappears  ; 
the  yelk  shrinks  somewhat  together,  then  separates  into  two  halves  (b)  ; 
the  first  two  segments  divide  each  again  into  two  (c),  and  the  binary 

Pig.  IX. 


Fig.  IX. — Diagrammatic  Figures  to  illustrate  the  Formation  op  Cells  within  the 
Mammalian  Ovum  by  Segmentation  of  the  Yelk  ;  magnified. 

a,  external  membrane  ;  b,  yelk  ;  c,  germinal  vesicle  containing  tlie  germinal  spot ;  d, 
embryonic  cells  further  magnified. 

division  thus  goes  on  (d,  e,)  pretty  regularly,  until  a  large  group  of  small 
segments  is  produced  (f).  These  final  segments  are  the  embryonic  cells 
(d)  ;  they  probably  have  no  distinct,  separable  envelope  ;  but,  like  other 
naked  cells,  they  are  formed  of  a  nucleus  and  body  of  protoplasmic  matter. 
The  nucleus  is  a  globule  of  soft  pellucid  substance  •,  it  may  not  be  always 
discoverable  in  the  earlier  segments,  being  hidden  by  the  opaque  granular 
mass  ;  but  it  soon  comes  into  view,  and  it  seems  to  play  an  important  part 
in  the  formation  of  the  cells.  The  nucleus  in  fact  appears  to  initiate  the 
process  of  division,  by  itself  dividing  into  two  halves,  which,  speedily 
acquiring  full  size,  serve  as  two  centres  of  attraction,  round  each  of  which 
separately  the  yelk-substance  is  gathered,  and  thus  parted  into  two  new 
segments.  Possibly  the  substance  of  the  vanishing  germinal  vesicle  and 
spot  may  give  rise  to  the  first  nucleus. 

Fig.  X. 


A.  B  C  D 


Pig^  X.  Division  of  the  Yelk  op  Ascaris. 

A,  B,  0  (from  Kolliker),  ovum  of  Ascaris  nigrovenosa;  d  and  e,  that  of  Ascaris 
acuminata  (from  Bagge). 
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The  formation  of  cells  by  segmentation  of  the  yelk  may  be  traced  with  comparative 
ease  in  the  ova  of  many  invertebrata.  Tlic  accompanying  figures  represent  the  several 
Bt^'es  of  the  process  in  small  species  of  the  ascaris  worm  l-.gures  a  b  and  o  are 
from  the  AsLis  nigrovenosa,  ^  observed  by  Kolliker.  He  found  that,  after  the 
terminal  vesicle  had  disappeared,  a  new  nucleus  with  nuc  eolus  was  formed  m  its 
E  The  segmentation  then  goes  on  as  in  the  mammalian  ovum,  but  he  nuclei 
are  visible  from  the  first ;  and  from  appearances,  such  as  those  seen  in  the  lowermost 
segments  of  a  and  b,  it  seems  probable  that  the  division  of  the  nucleus  is  preceded 

by  that  of  the  nucleolus.  .       ,     .1  • 

I  may  remark  that  I  once  observed  the  ovum  of  the  ascaris  under  the  microscope 
whilst  one  of  the  large  segments  was  actually  undergoing  division.  There  was  first  a 
very  obvious  heaving  motion  among  the  granules  throughout  the  whole  mass;  then 
ensued  a  constriction  at  the  circumference,  which,  proceeding  inwards,  soon  com- 
pleted the  division ;  but  all  this  time  the  nuclei  were  quite  hidden  by  the  enveloping 
granular  matter.  .   r.i  n 

In  some  animals  the  segmentation  process  affects  only  a  part  ot  the  yelk. 

h.  Division  of  free  Cells. — Essentially  the  same  process  of  fissiparous 
propagation  by  which  the  cells  are  multiplied  -within  the  ovum  continues  to 
take  place  in  the  embryonic  colls  at  future 
stages,    and   in  their  descendants   in    the  Fig.  XL 

organs  and  fluids  of  the  body  throughout 
life.  The  steps  of  the  operation  have  been 
best  observed  and  proved  in  the  colourless 
blood-corpuscles,  but  it  takes  place  in  various 

other  cells  (fig.  xi.).  0^ 

1.  Into  two.  —The  body  of  the  cell  is  ob-  %r 
served  to  be  somewhat  lengthened,  and  its 

nucleus  divided  into  two  ;  a  constriction  then    pig.  xi. — Commekcement,  Pro- 
begins  in  the  middle  and  proceeds  until  the       gress,  and  Result,  of  Divi- 
substance  of  the  cell  is  parted  into  two  halves,       sion  of  a  free  Cell. 
each  of  which  contains  a  nucleus.    There  can 

be  little  doubt  that  here  also  the  division  begins  with  the  nucleus.  The 
colourless  blood-corpuscle  we  presume  to  have  no  proper  cell-wall,  but  if, 
as  some  believe,  an  envelope  or  primordial  utricle  is  present,  it  is  also 
involved  in  the  division. 

2.  Into  more  than  two. — The  division  is  usually  into  two,  as  above 
described,  but  Remak  has  observed  instances  in  the  frog-larva  of  cells 
dividing  into  as  many  as  five  or  six  new  cells  ;  that  is,  after  the  nucleus 
had  divided  in  a  corresponding  way.  Tlie  difference  in  this  modification 
of  the  process  may  simply  be  that  whilst  in  the  preceding  case  the  two 
halves  of  the  divided  cell  part  from  each  other,  and  the  resulting  new  cells 
undergo  fresh  subdivision  solitarily,  they  in  the  present  case  remain  asso- 
ciated in  a  group.  Perhaps  the  formation  of  pus-corpuscles  from  connective 
tissue-corpuscles,  as  described  by  Virchow,  may  be  an  instance  of  this 
kmd.  "Where  the  swollen  primitive  corpuscle  acquires  a  distinct  cell- 
membrane  or  capsule  which  incloses  its  progeny,  the  case  comes  to  resemble 
the  so-called  "  endogenous  "  propagation,  as  in  cartilage,  to  be  next 
described. 

c.  Division  of  inclosed  Cells. — An  example  of  this  is  afforded  by  carti- 
lage. The  cells  in  that  tissue  are  surrounded  by  an  outer  capsule,  which 
is  continuous,  or  at  least  coherent,  with  the  substance  of  the  matrix. 
(Fig.  XII.,  a).  Here,  as  in  the  previous  cases,  there  is  first  a  division  of 
the  nucleus  into  two  ;  this  is  followed  by  cleaving  of  the  cell-body  like- 
wise into  two,  and  thus  two  young  cells  are  formed  from  a  parent  one. 
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So  far  the  process  is  the  same  as  before  ;  but  now  a  species  of  capsule  is 
lormed  round  each  of  the  young  cells  (b),  whilst  the  old  one  inclosin- 
tHem  becomes  blended  with  the  interceUular  matrix,  and  is  no  lon-er 
traceable  (c).  ° 


Fig.  XIL 
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Fig.  XII. — Ideal  Plan  op  THE  MtTLTIPLIOATION  OF  CeLLS  OF  CARTILAGE. 
_  A,  cell  in  its  capsule-;  B,  divided  into  two,  each  with  a  capsule  ;  C,  primary  capsule 
disappeared,  secondary  capsules  coherent  -with  matrix;  D,  tertiary  division-;  E,  secon- 
dary capsules  disappeared,  tertiary  coherent  with  matrix. 

The  new  cells,  in  turn,  divide  in  the  same  way,  so  as  to  make  a 
group  of  four,  each  of  which  is  surrounded  by  its  own  capsule  (d),  whUst 
the  capsules  of  the  first  descent  (secondary^  blend  with  the  matrix  (b)  like 
their  predecessor.  In  certain  cases  the  whole  series  of  capsules  may 
remain  visible  ;  in  others,  and  especially  in  morbid  conditions,  the  young 
capsules  may  not  be  formed,  or  may  all  disappear,  leaving  the  young  cells 
surrounded  by  the  still  conspicuous  original  capsule,  like  the  yelk-segments 
in  the  ovum. 

The  multiplication  of  cells  in  the  ovum  and  in  cartilage,  seeing  that  it  takes  place 
within  an  enclosing  envelope,  has  been  named  "  endogenous ; "  but  it  will  be  per- 
ceived that  the  difference  between  this  and  the  division  of  a  free  cell  is  unimportant. 

d.  Multiplication  of  Nuclei  in  Cells. — Irregularly  shaped  cells  have  been 
found  in  the  medullary  cavities  of  bone  (Robin  and  Kolliker),  containing 
many  nuclei,  and  such  cells  afford  an  example  of  the  multiplication  of 
nuclei  within  a  cell  without  separation  into  new  cells.  Other  multi- 
nucleated cells  are  formed  in  the  spleen  and  pass  into  the  blood  of  the 
splenic  vein  (Kolliker)  ;  but  if  these  eventually  divide  into  uninucleated 
cells,  as  seems  most  probable,  the  case  falls  under  b,  2. 

e.  Multiplication  of  free  Nuclei. — Bodies  having  the  characters  of  nuclei 
and  designated  as  such,  commonly  make  their  appearance  in  large  numbers 
where  growth  or  new  formation  of  tissue  is  going  on.  There  can  be  little 
doubt  that  these  are  produced  by  division  of  previously  existing  nuclei, 
uninclosed  in  cells  but  yet  originally  descended  from  cells,  and  probably 
associated  with  an  inconspicuous  amount  of  shapeless  protoplasm.  The  new 
nuclei  may  continue  in  the  same  condition  as  those  from  which  they  imme- 
diately sprung,  or  it  may  happen  that  the  protoplasm  grows  and  accumulates 
round  the  groups  of  multiplying  nuclei,  each  of  which  assumes  its  distinct 
share,  and  there  thus  results  a  group  of  new  cells.    The  nuclei  lying  on  the 
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walls  of  the  capillary  vessels  have  been  observed  to  multiply  in  this  way  in 
the  formation  of  new  (morbid)  growths,  as  is  shown  in  fig.  xiii. 

Vi"   XIII -Capillary  Vessel  from  a  Fibroid  Tumour;  mag-  Fig.  XIII. 

NiFiED  (adapted  from  0.  0.  Weber,  Virch.  Arch.  1864). 

a  a,  nuclei  on  the  wall  of  the  capillary ;  h,  nucleus  after 
division  into  two  ;  c,  group  of  nuclei  surrounded  by  protoplasm  ; 
d,  new  ceils ;  e,  cells  of  connective  tissue. 

Seeing  the  successive  generations  of  cells  which  proceed  from 
a  single"  one  in  the  ovum,  and  the  propagation  of  cells  in  a 
similar  manner  which  occurs  at  after-periods,  physiologists  have 
been  naturally  led  to  look  to  the  ovum  for  the  original  source 
to  which  all  succeeding  cells  in  the  economy  might  be  traced 
back ;  and,  as  that  body  is  itself  derived  from  the  parent  organ- 
ism, it  is  conceived  that  a  peculiar  germinative  matter  is  handed 
down  from  parent  to  offspring,  and,  receiving  an  impulse  by 
fecundation,  begins  in  the  ovum  the  series  of  assimilative  and 
reproductive  actions  which  is  afterwards  continued  throughout 
life.    Seeing,  moreover,  that  throughout  all  these  operations  the 
nucleus  takes  the  first  apparent  step  in  the  propagation  of  cells, 
and  by  itself  increases  and  multiplies,  that  body  may  not  un- 
reasonably be  regarded  as  the  original  depositary  and  sub- 
sequent   representative  of    the  germinative  matter  in  its 
most  characteristic  type,  although,  no  doubt,  the  protoplasm  of  the  primary  cell- 
contents  is,  in  its  degree,  endowed  with  the  same  property.    According  to  this  view, 
all  cells  in  the  animal  economy  are  derived  from  pre-existing  cells,  and  all  are  to 
be  referred  back  through  preceding  generations  to  the  ovum.    Schwann,  on  the  other 
hand,  maintained  that  cells  may  arise  altogether  independently  of  pre-existing  cells, 
and  that  in  animals  this  was  actually  the  most  prevalent  mode  of  cell-production. 
He  conceived  that  cells  are  formed  out  of  a  soft  or  liquid  organisable  matter,  which 
he  named  "  cyto-blastema,"  or  simply  "  blastema,"  and  which  in  animals  that  have  a 
circulating  blood  is  derived  from  that  source.    The  blastema  might  be  contained  in 
cells,  lodged  in  the  interstices  of  cells  and  tissues,  or  deposited  on  the  surface  of 
growing  parts ;  and  cells  might  arise  in  any  of  these  situations,  viz.,  in  previously 
existing  cells,  or  in  the  interstitial  and  free  blastema.    As  to  the  steps  of  the  process 
of  formation,  Schwann  adopted  and  applied  to  animal  cells  the  account  given  by 
Schleiden  of  cell-genesis  in  vegetables.    According  to  Schleiden,  nuclei  arc  first 
formed  by  aggregation  of  matter  round  nucleoli  which  appear  in  the  cyto-blastema, 
and  a  cell-wall  is  produced  by  deposition  and  condensation  of  fresh  matter  on  the 
nucleus,  which  he  regarded  as  the  generator  of  the  cell,  and  therefore  named  the 
"cytoblast."    Among  later  observers  who  deny  the  uninterrupted  descent  of  all  cells 
from  the  ovum,  may  be  mentioned  M.  Robin,  who  believes  that  the  embryonic  cells 
derived  from  the  ovum  do  not  generate  secondary  cells,  but  suffer  complete  dissolu- 
tion, at  the  same  time  that  fresh  nuclei  are  independently  formed  in  their  interstices 
from  the  dissolved  substance. 
The  doctrine  of  independent  cell-formation,  which,  in  contradistinction  to  derivatiori 
•  from  previously  existing  parent-cells,  it  has  been  proposed  to  call  "  equivocal  cell- 
generation,"  has  greatly  lost  ground  since  it  was  first  promulgated ;  and  perhaps  it 
must  be  abandoned  as  regards  cell-formation  in  the  higher  animals.    At  the  same 
time,  undue  weight  must  not  be  allowed  to  the  natural  cl  j^riori  argument  against  it 
as  a  case  of  spontaneous  generation.    It  must  furlher  bo  borne  in  mind  that  in 
certain  lichens,  algDe  and  fungi,  spores  entirely  constituted  as  colls  arise,  not  indeed 
independently  of  a  parent  organism,  but  to  all  appearance  not  immediately  from 
pre-existing  cells  or  nuclei. 


Motion  of  the  Protoplasm  in  Cells. — In  the  colls  of  the  Vallisneria,  Ohara 
and  various  other  plants,  when  exposed  under  the  microscopej  the  greei^ 
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coloured  grains  (of  chlorophyll)  and  other  small  masses  and  corpuscles  con- 
tamed  in  the  cavity,  are  seen  to  be  moved  along  the  inside  of  the  cell-wall 
m  a  constant  and  determinate  direction.  This  phenomenon  appears  to  be 
of  very  general  occurrence  in  the  vegetable  kingdom,  although  the  movement 
does  not  always  go  on  with  the  same  regularity  as  in  the  instances  cited. 
It  is  obviously  due  to  a  layer  of  protoplasm  on  the  inner  surface  of  the 
cell-wall,  -which  enters  into  a  peculiar  flowing  or  undulating  motion  and 
trails  the  passive  corpuscles  along  with  it  ;  but  how  the  motion  of  the 
protoplasm  itself  is  produced  is  not  at  all  understood. 

Motions  are  also  observed  in  animal  protoplasm  ;  cells  in  form  of  nucleated 
protoplasm-masses  of  irregularly  stellate  or  jagged  outline,  which  lie  in 
the  areolar  tissue  and  are  called  connective  tissue-corpuscles,  and  similar 
bodies  in  the  substance  of  the  cornea,  have  been  noticed  slowly  to  change 
figure  whilst  under  observation  (in  the  tissues  of  the  recently  killed  frog), 
shrinking  in  at  one  part  of  their  uneven  contour  and  extending  their  soft 
substance  at  another.  The  effect  seems  to  be  due  to  a  contractile  property 
of  the  protoplasm  comparable  to  the  contractility  of  muscular  substance  ; 
for  Kiihne*  has  found  that  the  substance  of  these  protoplasm  bodies  con- 
tracts under  the  electric  stimulus,  and  contractions  may  be  excited  in  the 
corneal  cells  through  the  medium  of  fine  nerves  which  are  distributed  to 
them,  and  this  both  by  mechanical  and  electrical  stimulation.  Now  the  soft 
transparent  matter  named  "sarcode"  which  constitutes  the  bodies  of  the 
amoeba  and  actinophrys,  and  the  animal  part  of  the  foraminifera  and 
other  allied  organisms  of  simple  nature  exhibits  similar  retractile  and 
extensile  movements,  and  may  also  be  made  to  contract  by  electrical  excite- 
ment ;  and  accordingly  it  is  reckoned  as  an  example  of  protoplasm  by  some 
recent  observers  of  authority  and  designated  by  that  name.  It  is  further 
to  be  noted,  however,  that  the  varied  movements  of  these  amoebine  animals 
are  very  generally  accompanied  by  a  flowing  of  fine  particles  to  and  fro  in 
their  pellucid  substance,  as  if  there  were  a  thinner  and  more  diffluent  por- 
tion confined  within  the  more  firm  exterior  part.  The  movement  of  the 
fluid  matter,  and  consequent  flow  of  the  particles  carried  by  it,  have  been 
ascribed  by  some  observers  to  an  impulse  caused  by  the  contractions  of  the 
firmer  portion,  but  there  are  cases  in  which  this  explanation  is  hardly 
sufficient,  and  the  point  remains  in  doubt. 

To  the  same  class  of  phenomena  are  probably  to  be  referred  the  remark- 
able movements  observed  in  the  pigment-cells  of  the  frog's  skin,  which  have 
been  so  lucidly  investigated  by  Professor  Lister,  t  In  these  ramified  cells 
the  dark  particles  of  pigment  are  at  one  time  dispersed  through  the  whole 
cell  and  its  branches,  but  at  another  time  they  gather  into  a  heap  in  the 
central  part,  leaving  the  rest  of  the  branched  cell  vacant,  but  without 
alteration  of  its  figure.  In  the  former  case  the  skin  is  of  a  dusky  hue ;  in 
the  latter,  pale.  The  phenomenon  is  probably  due  to  some  kind  of  motion 
of  the  protoplasm,  although  it  must  be  admitted  that  Mr.  Lister  has 
adduced  arguments  of  considerable  weight  to  prove  that  there  is  some 
impulse  operating  du-ectly  on  the  particles,  and  that  they  move  indepen- 
dently of  the  surrounding  matter,  which  he  considers  to  be  fluid.  Like  the 
movements  of  the  protoplasm,  the  aggregation  of  the  pigment  molecules  can 
be  excited  through  the  nerves,  both  mechanically  and  electrically. 

Lastly,  the  pale  blood-corpuscles  and  other  similarly  constituted  cells  of 


*  Uiitersucbungen  iiber  das  Protoplasma  und  die  Coutractilitiit.  1864. 
t  Phil.  Trans.  1858. 
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common  occurrence  exhibit  changes  of  figure  and  movements  of  an  amcabine 
character  which  seem  naturally  to  be  referred  to  the  present  head. 

The  fact  above  mentioned  that  these  movements  of  cells  may  be  excited 
by  stimulation  of  the  nerves  ia  especially  worthy  of  note,  in  as  much  as  it 
proves  that  operations  efi'ected  in  and  by  cells  are  more  or  less  under  the 
governance  of  the  nervous  system.  Moreover  the  well-known  influence  of 
mental  states  over  the  secretions,  and  the  eflects  resulting  from  ex- 
perimental stimulation  of  the  nerves  of  secreting  glands,  although  doubtless 
due  in  part  to  changes  in  the  blood-vessels,  seem  to  show  that  this  subjec- 
tion to  the  nervous  system  extends  even  to  the  chemical  and  physical 
operations  which  take  place  in  secreting  cells.  A  curious  and  interesting 
observation  in  proof  of  this  is  adduced  by  KoUiker.  He  found  that  the 
light  of  the  fire-fly,  lampijns,  is  emitted  from  cells  in  which  albuminoid 
matter  is  decomposed  with  production  of  urate  of  ammonia,  and  that  the 
emission  of  light  could  be  brought  on  or  rendered  more  vivid  by  electrical 
and  other  stimuli  operating  through  the  nerves. 

The  well-known  tremulous  movement  which  so  often  afiects  minute 
particles  of  matter,  is  not  unfrequently  observed  in  the  molecular  contents 
of  cells ;  but  this  phenomenon  depends  simply  upon  physical  conditions,  and 
is  of  a  totally  different  character  from  the  motions  of  the  protoplasm  above 
referred  to. 

Of  Cells  in  JRelaiion  to  the  Formation  of  Textures. — In  a  certain  sense  it 
might  be  siiid  that  the  foundation  of  all  the  textures  and  organs  of  the 
body  is  formed  of  cells  ;  for  in  the  early  embryo  all  the  different  parts  of 
the  body,  so  far  as  they  are  characterised  by  form  and  position,  are  made 
up  of  embryonic  cells ;  but  how  the  different  and  special  characters  of  the 
fully  organised  textures  are  produced  is  still  a  matter  of  no  little  uncer- 
tainty. No  doubt  certain  textures  in  their  mature  condition  are  composed 
of  cells,  which,  on  the  supposition  of  continuous  cell-generation,  must  be 
the  progeny  of  the  embryouic  cells,  although  modified  in  character  to  suit 
them  to  their  special  destination.  The  epidermis,  the  several  varieties  of 
epithelium,  and  the  plain  or  non-striated  muscular  tissue  are  examples  of 
this.  Other  textures  or  textural  elements  are  not  made  up  of  cells  or 
formed  immediately  from  cells,  as,  for  example,  the  fibres  of  connective 
tissue,  which  are  produced  in  intercellular  substance.  But  there  remain 
cases  of  tissue-formation  ia  which,  whilst  it  is  generally  admitted  that  cells 
or  nuclei  take  part,  it  is  not  agreed  to  what  extent  or  in  what  precise 
mode  these  bodies  share  in  the  process  :  the  development  of  the  fibres 
of  voluntary  muscles  and  nerves  afford  an  illustration  of  this,  as  will  be 
afterwards  shown  in  its  proper  place.  Accordingly  the  reasonableness  of 
certain  limitations  and  qualifications  of  the  doctrine  of  tissiae- development 
from  cells  has  been  recognised  by  judicious  histologists  even  from  its  first 
promulgation. 

Of  the  changes  which  cells  or  their  elements  undergo  in  the  formation  of 
tissues,  or  afterwards  in  the  exercise  of  their  functions  when  constituting 
part  of  the  living  organism,  the  following  are  what  may  be  considered  as 
best  ascertained  ;  and  it  is  to  be  observed  that  the  same  cell  may  undergo 
more  than  one  of  the  changes  indicated. 

1.  Cells  may  increase  iu  size  and  change  their  figure.     When  a  cell 
grows  equally  or  nearly  so  in  all  directions,  it  preserves  its  globular  shape  ; 
but  more  commonly  the  growth  is  greater  iu  one  dimension  than  in  another 
and  then  the  cell  becomes  flattened,  in  which  ciise  it  may  remain  as  a 
round  disk  or  change  into  an  oval,  fusiform,  or  strap-shaped  figure.  When 


xxii 


CHANGES  OF  CELLS  IN  THE 


growing  cells  meet  one  another,  tliey  generally  become  angular  or  poly- 
hedral ;  and  this  change  may  be  combined  with  elongation  into  the  pris- 
matic or  flattening  into  the  tabular  form,  as  exemplified  in  the  columnar 
and  scaly  varieties  of  epithelium.  A  more  remarkable  change  of  figure 
occurs  in  those  instances  where  a  cell  sends  out  branches  at  various 

points  of  its  circumference,  as  happens  with 
certain  varieties  of  pigment-cells  (fig.  xiv.), 
connective  tissue- corpuscles,  and  nerve -cells. 
Of  course  when  the  changes  of  figure  are  accom- 
panied by  an  absolute  increase  in  size,  there  must 
be  assumption  of  new  matter  by  the  cell.  The 
nucleus  seems  to  be  less  subject  to  alteration  in 
size  and  shape.  It  may  grow  somewhat  larger 
as  the  cell  increases,  especially  at  first ;  thus  it 
enlarges  and  flattens  in  epithelium  cells.  In 
the  cells  of  non-striated  muscle  it  becomes  oblong 
or  rod-shaped.  Sometimes  it  disappears,  as  in 
the  flattened  cells  of  the  cuticle. 

2.  WhUst  the  above-described  changes  of  figure 
are  going  on,  the  cell  wall  may  acquire  increased 
density  and  strength ;  and  in  a  flattened  cell, 
when  much  extended,  the  opposite  sides  may  co- 
here so  as  to  convert  it  into  a  scale.  The  thicken- 
ing of  the  cell-membrane  may  take  place  by 
defjosition  of  new  matter  on  its  inner  surface,  as 
in  vegetable  cells,  or  on  the  outside,  as  is  pro- 
bably the  case  in  the  partial  thickening  of  the 
cell- wall  in  certain  forms  of  intestinal  epithelium ; 
but  there  are  cases  in  which  it  is  difiicult  to 
determine  in  what  way  the  change  is  affected.  The  substance  of  a  cell  thus 
condensed  may  have  changed  more  or  less  in  chemical  nature,  as  in  the 
cuticle,  where  the  cells,  while  deep-seated  and  recently  formed,  are  soluble 
in  acetic  acid,  but  as  they  rise  to  the  surface  lose  this  property  and  acquire 
a  horny  character. 

3.  Changes  may  take  place  in  the  cell-contents.  Granular  matter  in 
cells  may  be  dissolved  and  consumed,  as  is  well  seen  in  the  formation  of 
blood-corpuscles  from  granular  cells  in  the  oviparous  vertebrata.  On  the 
other  hand,  new  matters  may  appear,  as  fat  and  pigment  within  the  adipose 
and  pigmentous  cells,  and  the  peculiar  constituents  of  certain  secretions  in 
the  cells  of  secreting  organs,  in  which  last  case  the  cells  may  burst  and  dis- 
charge their  contents.  Lastly,  the  process  may  take  on  more  of  a  plastic 
and  organising  character,  as  in  the  generation  of  young  cells,  already 
described,  and  the  formation  of  the  spontaneously  moving  bodies  named 
spermatozoa,  which  are  produced  from  the  nuclei  of  cells. 

These  plastic  changes  are  equally  unexplained  with  the  other  alterations  of  form 
and  structure  which  accompany  the  production  and  metamorphoses  of  cells.  As 
re"-ards  the  changes  in  the  quantity  and  chemical  nature  of  the  contained  matter,  it 
may  be  remarked,  that  the  introduction  of  new  matter  into  a  cell  is  so  far  a  phe- 
nomenon of  imbibition,  and,  as  such,  must  be  to  a  certain  extent  dependent  on  the 
endosmotic  effect  produced  by  the  substance  already  within  the  cell,  and  on  the 
comparative  facility  with  which  the  matter  to  be  introduced  is  imbibed  and  transmitted 
by  the  permeable  cell-wall.  Some  substances,  moreover,  being  more  readily  imbibed 
than  others,  the  quality  as  well  as  the  quantity  of  tlie  imbibed  material  will  be  so  h\r 


Fig.  XIV. 


Fist.  XIV. — Ramified  and 
FusiPORM  Cells,  from  the 
tissue  of  tub  choroid 
Coat  op  the  Eye  ;  magni- 
FiicD  350  DIAMETERS  (after 
Kolliker). 


a,  cells  with  pigment  ; 
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determined  by  the  same  circumstances.  Thus,  uric  acid,  known  to  be  present  in 
minute  quantity  in  tlie  blood,  is  gatliered  up  by  tlie  cells  of  the  kidneys,  and  other 
chemical  compounds  existing  in  the  circulating  fluid  may  be  segregated  in  like 
manner  by  cells,  to  be  discharged  by  excretion.  Also  in  the  converse  operation  of 
absorption  of  aliment,  the  cells  of  the  intestinal  epithelium  become  charged  with 
particles  of  fat.  But,  while  an  alteration  in  the  contents  of  a  cell  may  be  thus 
brought  about  by  the  imbibition  of  one  kind  of  matter  in  preference  to  another,  the 
contained  substance  may  be  also  changed  in  its  qualities  by  a  process  of  conversion 
taking  place  within  the  cell. 


4.  Cells  ultimately  present  differences  in  their  relations  to  each  other. 

a.  They  may  remain  isolated,  as  in  the  instance  of  the  corpuscles  of  blood, 
chyle,  and  lymph,  and  those  formed  in  certain  secretions, 

h.  They  may  be  united  into  a  continuous  tissue,  by  means  of  a  cementing 
intercellular  substance  ;  the  epithelium  and  cuticle,  the  nails  and  hairs, 
afford  instances  of  this.  In  cartilage,  where  this  occurs,  the  capsules  of  the 
cells  may  become  more  or  less  blended  with  the  intercellular  substance. 

c.  The  parietes  of  neighbouring  cells  meet  at  particular  points,  and, 
absorption  taking  place,  their  cavities  become  united.  It  is  supposed  that 
ramified  cells  may  thus  open  into  one  another  ;  and  Schwann  conceives  that 
the  networks  of  capillary  vessels  originate  in  this  way. 

Intercellular  Substance, — Of  the  matter  which  lies  between  cells — the 
intercellular  substance — and  its  relation  to  them,  it  may  be  observed  that 
sometimes  it  is  in  very  small  quantity,  and  seems  merely  to  cement  the 
cells  together,  as  in  epidermis  and  epithelium  ;  at  other  times  it  is  more 
abundant,  and  forms  a  sort  of  matrix  in  which  the  cells  are  imbedded,  as  in 
cartilage.  It  is  homogeneous,  translucent,  and  firm  in  most  cartilages,  and 
pervaded  by  fibres  in  yellow  cartilage.  In  connective  tissue  it  consists  of 
fibres,  with  soft  interstitial  matter,  which  is  scanty  in  the  denser  varieties, 
but  abundant  in  the  lax  tissue  of  the  umbilical  cord  ;  in  bone  the  inter- 
cellular substance  is  calcified  and  mostly  fibrous.  As  to  the  production  of 
the  intercellular  substance,  there  can  be  little  doubt  that  in  cartilage  it  is 
derived  from  the  cells.  Formed  as  capsules  round  the  cells  by  excretion 
from  their  surface,  or  by  conversion  of  their  proper  substance,  and  being 
blended  into  a  uniform  mass,  it  accumulates  while  the  cells  multiply,  and 
while  fresh  material  is  supplied  to  them  from  the  blood,  which  they  convert 
into  chondrinous  substance.  Kolliker  supposes  that,  in  like  manner, 
simple  membrane,  such  as  the  membrancB  proprice  of  gland-ducts,  may  be 
produced  by  excretion  from  a  series  of  cells  ;  in  which  case  such  membranes 
would  come  under  the  same  description  as  intercellular  substance.  The 
source  of  the  intercellular  substance  is  in  other  cases  not  so  apparent,  but 
it  naay  be  presumed  that  the  cells  have  some  infiuence  in  its  nutrition  and 
maintenance. 

From  what  has  been  said  it  will  be  obvious  that  cells  and  nuclei  play  an  important 
part  m  the  growth  of  textures,  and  probably  in  nutrition.  The  former  process  is 
usually  accompanied  by  a  great  multiplication  of  cells  or  nuclei,  the  peculiar  consti 
tuent  of  which-the  protoplasm-seems  to  be  specially  endowed  with  the  facultv  of 
propagation  by  divi.sion,  and  of  increase  by  appropriating  and  converting  new 
matter.  It  is  conceivable  that  in  this  way  it  may  serve  for  the  extension  of  growina- 
tissue  and  the  development  of  structural  elements  from  the  crude  materials  of  growth 
Again,  m  the  nutrition  of  a  mass  of  tissue  the  crude  material  may  undergo  prenarition 
by  the  cells  or  nuclei  that  lie  in  the  interstices  of  tlic  structure.  Preparation 

The  existence  of  this  protoplasmic  gcrminativc  substance  is  very  general  nerhans 
indeed  universal,  in  the  animal  and  vegetable  kingdoms.    But  whilft  in  thf  great 
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majouty  of  organic  beings  it  assumes  the  form  of  a  nucleated  cell  (protoplast,  or 

monoplast),  as  the  first  condition  of  their  organised  structure,  in  simpler  modes  of  life 

ana  organisation  it  is  not  subject  to  the  same  limitation  of  form  and  mass     In  the 

imjcetozoa  {imjxomycetes),  a  curious  tribe,  heretofore  mostly  reckoned  among  tlie 

tungi,  but  standing  as  it  were  in  the  debateable  ground  between  the  animal  and 

vegetable  kingdoms,  the  protoplasm  is  extended  into  reticular  masses,  or  irregularly 

anastomosing  trains,  spread  over  the  surface  of  bark  and  other  bodies  to  which  it 

parasitically  clings ;  whilst  in  vibrios  and  some  other  infusorial  animalcules  of  the 

simplest  kind,  it  appears  as  fine  molecular  particles;  but  it  is  most  probably  derived 

Irom  parents  in  all  instances,  however  minute  and  apparently  insignificant  these 
may  be.  x  i.        j  o 

_  Professor  Beale  proposes  to  distinguish  the  matter  of  organised  bodies  into  two  kinds, 
VIZ.,  "  germinal  matter  "—which  comprehends  the  active  matter  of  cells  and  nuclei, 
and  appears  to  correspond  with  what  has  been  already  described  as  protoplasm— and 

formed  material,"  under  which  term  he  includes  all  the  structural  elements  and 
intercellular  substances  lying  outside  and  between  cells,  the  cell-wall  itself  when 
present,  and  certain  products,  not  germinative,  which  may  be  included  in  the  cell- 
contents.  ^  "  Germinal  matter  "  grows  and  increases,  and  is  converted  into  "  formed 
material ;  "  and  all  "  formed  material "  has  passed  through  the  condition  of  "  germinal 
matter."  In  nutrition,  according  to  Dr.  Beale,  "  pabulum  does  not  pass  through  the 
cell-wall  to  become  altered  by  the  action  of  the  cell,  but  certain  of  its  constituents  are 
converted  into  germinal  matter,— the  living  substance,  which  becomes  tissue,  or  is 
changed  into  substances  which  form  the  constituents  of  tlie  secretions."  Formed 
material  may  be  endowed  with  peculiar  and  important  properties,  but  is  destitute  of 
the  power  of  producing  matter  like  itself, — "  it  has  no  power  to  produce  structure  or  to 
alter  itself."*  I  presume  it  is  not  meant  by  this  to  imply  that  "  formed  material "  is 
incapable  of  undergoing  further  organisation ;  for  otherwise  the  proposition  would  be 
in  contradiction  to  well-known  facts,  such  as  the  formation  of  fibres  in  the  matrix 
of  cartilage,  &c. 

Professor  Bennett  considers  that  organisation  begins  with  molecules  or  granules  of 
various  composition  and  endowments.  These  are  of  two  kinds— histogenetic,  formed 
by  precipitation  from  fluids,  and  histolytic,  derived  from  the  disintegration  of  previously 
formed  tissues.  Molecules  of  disintegration  may  in  peculiar  circumstances  become 
the  basis  of  matter  which  undergoes  development,  so  that  histolytic,  or  disintegration 
particles  of  one  period  become  the  histogenetic  or  formation  molecules  of  another. 
Certain  molecules  are  endowed  with  the  power  of  active  movement,  and  the  motions 
in  cells  and  tissues  depend  upon  them ;  they  are  mutually  attracted  by  a  molecular 
force,  and  thus  unite  to  produce  cells  and  higher  forms  of  tissue.f 

Molecules  and  granules  are,  no  doubt,  more  elementary  forms  of  organisable 
substance  than  cells  ;  still  it  is  matter  of  observation  that  in  the  early  embryo  and  in 
the  production  of  certain  tissues,  these  particles  in  the  first  instance  unite  to  form 
cells.  This,  Dr.  Bennett  by  no  means  denies,  only  he  regards  the  formation  of  cells 
as  of  subordinate  moment  in  the  general  process  of  organisation.  For  my  own  part 
I  am  disposed  to  think  that  in  the  process  of  organisation,  as  distinguished  from  its 
result,  the  cognisable  form  and  mass  of  the  organisable  material,  whether  as  cell  or 
molecule,  are  of  altogether  subordinate  consideration  to  the  nature  of  its  substance. 


NUTRITION  AND  REGENERATION  OF  THE  TEXTURES. 

Nutrition. — The  tissues  and  organs  of  the  animal  body,  when  once  em- 
ployed in  tlie  exercise  of  their  functions,  are  subject  to  continual  loss  of 
material,  which,  is  restored  by  nutrition.  This  waste  or  consumption  of 
matter,  with  which,  so  to  speak,  the  u.se  of  a  part  is  attended,  takes  place 
in  dififerent  modes  and  degrees  in  different  structures.    In  the  cuticular 

*  On  the  Structure  of  the  Simple  Tissues  of  the  Human  Body,  &c.,  1861  ;  aud  Archives 
of  Medicine  for  1  8ii2. 

t  For  a  brief  but  lucid  exposition  of  his  views  on  this  subject,  see  Dr.  Bennett's  paper 
On  the  Molecular  Theory  of  Organisation,  as  given  in  abstract  in  the  rroceedings  of 
the  Royal  Society  of  Edinburgh  for  the  1st  of  Ai)ril,  18G1. 
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textures  the  old  substance  simply  wears  away,  or  is  thrown  oft'  at  tlie  sur- 
face, whilst  fresh  material  is  added  from  below.  In  muscular  texture,  on 
the  other  hand,  the  process  is  a  chemical  or  chemico-vital  one  ;  the  func- 
tional action  of  muscle  is  attended  with  an  expenditure  of  moving  force, 
and  a  portion  of  matter  is  consumed  in  the  production  of  that  force  ;  that 
is,  it  undergoes  a  chemical  change,  and  being  by  this  alteration  rendered 
un6t  to  serve  again  is  removed  by  absorption.  The  amount  of  matter 
changed  in  a  given  time,  or,  in  other  words,  the  rapidity  of  the  nutritive 
process,  is  much  greater  in  those  instances  where  there  is  a  production  and 
expenditure  of  force,  than  where  the  tissue  serves  merely  passive  mechanical 
purposes.  Hence,  the  bones,  tendons,  and  ligaments  are  much  less  wasted 
in  exhausting  diseases  than  the  muscles,  or  than  the  fat,  which  is  consumed 
in  respiration,  and  generates  heat.  Up  to  a  certain  period,  the  addition  of 
new  matter  exceeds  the  amount  of  waste,  and  the  whole  body,  as  well  as 
its  several  parts,  augments  in  size  and  weight  :  this  is  "growth."  When 
maturity  is  attained,  the  supply  of  material  merely  balances  the  con- 
sumption ;  and,  after  this,  no  steady  increase  takes  place,  although  the 
quantity  of  some  matters  in  the  body,  especially  the  fat,  is  subject  to 
considerable  fluctuation  at  all  periods  of  life. 

It  would  be  foreign  to  our  purpose  to  enter  on  the  subject  of  nutrition  in 
general ;  we  may,  however,  briefly  consider  the  mode  in  which  the  renova- 
tion of  substance  is  conceived  to  be  carried  on  in  the  tissues. 

The  material  of  nutrition  is  immediately  derived  from  the  plasma  of  the 
blood,  or  liquor  sanguinis,  which  is  conveyed  by  the  blood-vessels,  and 
transudes  through  the  coats  of  their  capiUary  branches  ;  and  it  is  in  all  cases 
a  necessary  condition  that  this  matter  should  be  brought  within  reach  of 
the  spot  where  nutrition  goes  on,  although,  as  will  immediately  be  explained, 
it  is  not  essential  for  this  purpose  that  the  vessels  should  actually  pass  into 
the  tissue. 

^  In  cuticle  and  epithelium,  the  nutritive  change  is  effected  by  a  con- 
tinuance of  the  process  to  which  these  textures  owe  their  origin.  The 
tissues  in  question  being  devoid  of  vessels,  nutrient  matter,  or  blastema,  is 
furnished  by  the  vessels  of  the  true  skin,  or  subjacent  vascular  membrane  ; 
this  matter  is  appropriated  by  young  cells  derived  most  probably  from  pre- 
existing ones.  These  new  cells  enlarge,  alter  in  figure,  often  also  in  chemical 
nature,  and,  after  serving  for  a  time  as  part  of  the  tissue,  are  thrown  off  at 
its  free  surface. 

But  it  cannot  in  all  cases  be  so  clearly  shown  that  nutrition  takes  place 
by  a  contmual  formation  and  decay  of  the  structural  elements  of  the  tissue  • 
and  it  must  not  be  forgotten,  that  there  is  another  conceivable  mode  in 
which  the  renovation  of  matter  might  be  brought  about,  namely,  by  a  mole- 
cular change  which  renews  the  substance,  particle  by  particle,  without 
attecting  the  form  or  structure  ;  by  a  process,  in  short,  which  mi^ht  be 
termed  "molecular  renovati.m."  Still,  although  conclusive  evidence  is 
wanting  on  the  point,  it  seems  probable  that  the  crude  material  of  nutrition 
tot  undergoes  a  certam  elaboration  or  preparation  through  the  agencv  of 
cells  and  nuclei  disseminated  in  the  tissue  ;  which  may  serve  as  centres  of 
assimilation  and  increase,  as  already  explained. 

Office  of  the  Vexsels.—In  the  instance  of  cuticle  and  epithelium,  no  vessels 
enter  the  tissue,  but  the  nutrient  fluid  which  the  subjacent  vessels  afford 
penetrates  a  certain  way  into  the  growing  ma.s,  and  the  cells  continue  to 
assimilate  tins  fluid  and  pass  through  their  changes  at  a  distance  from  and 
ludependently  of,  the  blood-vessels.   Whether,  in  such  cases,  the  whole  o'f  the 
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residuary  blastema  remains  as  intercellular  substance,  or  -whether  a  part  is 
again  absorbed  into  the  vessels,  is  not  known.  In  other  non-vascular 
tissues,  such  as  articular  cartilage,  the  nutrient  fluid  is  doubtless,  in  like 
manner,  conveyed  by  imbibition  through  their  mass,  where  it  is  then 
attracted  and  assimilated.  The  mode  of  niitrition  of  these  and  other  non- 
vascular masses  of  tissue  may  be  compared,  indeed,  to  that  which  takes 
place  throughout  the  entire  organism  in  cellular  plants,  as  well  as  in  polypes 
and  some  other  simple  lands  of  animals,  in  which  no  vessels  have  been 
detected.  But  even  in  the  vascular  tissues  the  case  is  not  absolutely 
different ;  in  these,  it  is  true,  the  vessels  traverse  the  tissue,  but  they  do 
not  penetrate  into  its  structural  elements.  Thus  the  capillary  vessels  of 
muscle  pass  between  and  around  its  fibres,  but  do  not  penetrate  their 
inclosing  sheaths  ;  still  less  do  they  penetrate  the  fibrillse  within  the  fibre  ; 
these,  indeed,  are  much  smaller  than  the  finest  vessel.  The  nutrient  fluid, 
on  exuding  from  the  vessels,  has  here,  therefore,  as  well  as  in  the  non- 
vascular tissues,  to  permeate  the  adjoining  mass  by  transudation,  in  order  to 
reach  these  elements,  and  yield  new  substance  at  every  point  where  renova- 
tion is  going  on.  The  vessels  of  a  tissue  have,  indeed,  been  not  unaptly 
compared  to  the  artificial  channels  of  irrigation  which  distribute  water  over 
a  field  ;  just  as  the  water  penetrates  and  pervades  the  soil  which  lies  be- 
tween the  intersecting  streamlets,  and  thus  reaches  the  growing  plants,  so 
the  nutritious  fluid,  escaping  through  the  coats  of  the  blood-vessels,  must 
permeate  the  intermediate  mass  of  tissue  which  lies  ia  the  meshes  of  even 
the  finest  vascular  network.  The  quantity  of  fluid  supplied,  and  the  dis- 
tance it  has  to  penetrate  beyond  the  vessels,  wUl  vary  according  to  the 
proportion  which  the  latter  bear  to  the  mass  requiring  to  be  nourished. 

We  have  seen  that  in  the  cuticle  the  decayed  parts  are  thrown  off  at  the 
free  surface  ;  in  the  vascular  tissues,  on  the  other  hand,  the  old  or  effete 
matter  must  be  first  reduced  to  a  liquid  state,  then  find  its  way  into  the 
blood-vessels,  or  lymphatics,  along  with  the  residual  part  of  the  nutritive 
plasma,  and  be  by  them  carried  off.  But,  in  certain  cases,  the  mode  of 
removal  of  the  old  matter  is  not  clear ;  as,  for  example,  in  the  crystalline 
lens,  which  is  destitute  of  vessels,  and  grows  by  deposition  of  blastema  and 
formation  of  cells  at  its  surface  ;  here  we  should  infer  that  the  oldest  parts 
were  nearest  the  centre,  and  if  we  suppose  them  to  he  changed  in  nutrition, 
it  is  puzzling  to  account  for  their  removal. 

From  what  has  been  said,  it  is  clear  that  the  vessels  are  not  proved  to  perform  any 
other  part,  in  the  series  of  changes  above  described,  beyond  that  of  conveying  matter 
to  and  from  the  scene  of  nutrition  ;  and  that  this,  though  a  necessary  condition,  is 
not  the  essential  part  of  the  process.  The  several  acts  of  as-suming  and  assimilating 
new  matter,  of  conferring  on  it  organic  structure  and  form,  and  of  disorganising 
again  that  which  is  to  be  removed,  which  are  so  many  manifestations  of  the  metaboHc 
and  plastic  properties  already  spoken  of,  are  performed  beyond  the  blood-vessels.  It 
is  plain,  also,  that  a  tissue,  though  devoid  of  vessels,  and  the  elements  of  a  vascular 
tissue  though  placed  at  an  appreciable  distance  from  the  vessels,  may  still  be  organised 
and  living  structures,  and  within  the  dominion  of  the  nutritive  process.  How  far  the 
sphere  of  nutrition  may,  in  certain  cases,  be  limited,  is  a  question  that  still  needs 
further  investigation;  in  the  cuticle,  for  example,  and  its  appendages,  the  nails  and 
hairs,  which  are  placed  on  the  surface  of  the  body,  we  must  suppose  that  the  old  and 
dry  part,  which  is  about  to  be  thrown  offer  worn  away,  has  passed  out  of  the  limits 
of  nutritive  influence ;  but  to  what  distance  beyond  the  vascular  surface  of  the  skin 
the  province  of  nutrition  extends,  has  not  been  determined. 

Begeneration.—SVh6n  part  of  a  texture  has  been  lost  or  removed,  the 
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loss  may  bo  repaired  by  regeneration  of  a  new  portion  of  tissue  of  the  same 
kind  ;  but  the  extent  to  which  this  restoration  is  possible  is  very  different 
in  difforeut  textures.  Thus,  in  muscle,  a  breach  of  continuity  may  be 
repaired  by  a  new  growth  of  connective  tissue  ;  but  the  lost  muscular  sub- 
stance is  not  restored.  Regeneration  occurs  in  nerve  ;  in  bone  it  takes 
place  readily  and  extensively,  and  still  more  so  in  fibrous,  areolar,  and 
epithelial  tissue.  The  special  circumstances  of  the  regenerative  process  in 
each  tissue  will  be  considered  hereafter  ;  but  we  may  here  state  generally, 
that,  as  fiir  as  is  known,  the  reproduction  of  a  texture  is  effected  in  the 
same  manner  as  its  original  formation. 

In  experimental  inquiiies  respecting  regeneration,  we  must  bear  in  mind, 
that  the  extent  to  which  reparation  is  possible,  as  well  as  the  readiness  with 
which  it  occurs,  is  much  greater  in  many  of  the  lower  animals  than  in  man. 
In  newts,  and  some  other  cold-blooded  vertebrata,  indeed  (not  to  mention 
still  more  wonderful  instances  of  regeneration  in  animals  lower  in  the  scale), 
an  entu-e  organ,  a  limb,  for  example,  is  readily  restored,  complete  in  all  its 
parts,  and  perfect  in  all  its  tissues. 

In  concluding  what  it  has  been  deemed  advisable  in  the  foregoing  pages  to  state 
respecting  the  development  of  the  textures,  we  may  remark,  that,  besides  what 
is  due  to  its  intrinsic  importance,  the  study  of  this  subject  derives  great  interest 
from  the  aid  it  promises  -to  afford  in  its  application  to  pathological  inquiries.  Re- 
searches which  have  been  made  within  the  last  few  years,  and  which  are  still  zealously 
carried  on,  tend  to  show  that  the  structures  which  constitute  morbid  growths  are 
formed  by  a  process  analogous  to  that  by  which  the  natural  or  sound  tissues  are 
developed  :  some  of  these  morbid  productions,  indeed,  are  in  no  way  to  be  distin- 
guished from  areolar,  fibrous,  cartilaginous,  and  other  natural  structures,  and  have, 
doubtless,  a  similar  mode  of  origin ;  others,  again,  as  far  as  yet  appears,  are  peculiar 
in  structure  and  composition,  but  still  their  production  is  with  much  probability  to  be 
referred  to  the  same  general  process.  The  prosecution  of  this  subject,  however,  does 
not  fall  within  the  scope  of  the  present  work. 


THE  BLOOD. 

PHYSICAL  AND  OKGANIC  COTSTSTITUTION. 

The  most  striking  external  character  of  the  blood  is  its  well-known  colour, 
which  is  florid  red  in  the  arteries,  but  of  a  dark  purple  or  modena  tint  in  the 
veins.  It  is  a  somewhat  clammy  and  consistent  liquid,  a  little  heavier  than 
water,  its  specihc  gravity  being  1052  to  1057  ;  it  has  a  saltish  taste,  a 
slight  alkaline  reaction,  and  a  peculiar  faint  odour. 

To  the  naked  eye  the  blood  appears  homogeneous  ;  but  when  examined 
with  the  microscope,  either  while  within  the  minute  vessels,  or  when  spread 
out  into  a  thin  layer  \ipon  a  piece  of  glass,  it  is  seen  to  consist  of  a  trans- 
parent colourless  fluid,  named  the  " lymph  of  the  blood,"  "liquor  sanguinis," 
or  "plasma,"  and  minute  solid  particles  or  corpuscles  immersed  in  it. 
These  corpuscles  are  of  two  kinds,  the  red  and  the  colourless  :  the  former 
are  by  far  the  most  abundant  and  have  been  long  known  as  "the  red 
particles,"  or  "globules,"  of  the  blood;  the  "colourless,"  "white,"  or 
"pale  corpuscles,"  on  the  other  hand,  being  fewer  in  number  and  less 
conspicuous,  were  later  in  being  generally  recognised.     "When  blood  is 

drawn  from  the  vessels,  the  liquor  sanguinis  separates  into  two  parts  ;  

into  fibrin,  which  becomes  solid,  and  a  pale  yellowish  liquid  named  serum. 
The  fibrin  in  solidifying  involves  the  corpuscles  and  forms  a  red  consistent 
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mass,  named  the  clot  or  crassamenhim  of  the  blood,  from  which  the  serum 
gradually  separates.  Hie  relation  between  the  above-mentioned  constituents 
of  the  blood  in  the  liquid  and  the  coagulated  states  may  be  represented  by 
the  subjoined  scheme  : — 


'Corpuscles 


Liquid 
blood 


Liquor  sanguinis 


Fibrin 


Serum 


Clot 


Coagulated  blood. 


Fig.  XV, 
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Fig.  XV.— Red  Cor- 
puscles OF  Human 
Blood  ;  magnified 
about  500  diameters 
(Wagner). 

1,  shows  depression 
on  the  surface;  2,  a  cor- 
puscle seen  edgeways ; 
3,  red  corpuscles  altered 
by  exposure. 


Sed  Corpuscles. — These  are  not  spherical,  as  the  name  "  globules,"  by 
which  they  have  been  so  generally  designated,  would  seem  to  imply,  but 

flattened  or  disk-shaped.  Those  of  the  human  blood 
(fig.  XV. ,  2)  have  a  nearly  circular  outline,  like  a 
piece  of  coin,  and  most  of  them  also  present  a  shallow 
cup-like  depression  or  dimple  on  both  surfaces  ;  their 
usiial  figure  is,  therefore,  that  of  biconcave  disks. 
Their  magnitude  difi'ers  somewhat  even  in  the  same 
drop  of  blood,  and  it  has  been  variously  assigned  by 
authors  ;  but  the  prevalent  size  may  be  stated  at 
from  -g^Vtjth  to  -g-g-V o*^  °^  diameter,  and 

about  one-fourth  of  that  in  thickness. 

In  mammiferous  animals  generally,  the  red  cor- 
puscles are  shaped  as  in  man,  except  in  the  camel 
tribe,  in  which  they  have  an  elliptical  outline.  In 
birds,  reptiles,  and  most  fishes,  they  are  oval  disks 
with  a  central  elevation  on  both  surfaces  (fig.  xvx., 
from  the  frog),  the  height  and  extent  of  which,  as 
well  as  the  proportionate  length  and  breadth  of  the 
oval,  vary  in  different  instances,  so  that  in  some  osseous  fishes  the  elliptical 
form  is  almost  shortened  into  a  circle.   The  blood  corpuscles  of  invertebrata, 

although  they  (except  in  some  of 
the  red-blooded  annehdes)  want  the 
red  colour,  are  also,  for  the  most 
part,  flattened  or  disk-shaped  ; 
being  in  some  cases  circular,  in 
others  oblong,  as  in  the  larvae  of 
aquatic  insects.  Sometimes  they  ap- 
pear granulated  on  the  surface  like 
a  raspberry,  but  this  is  probably  due 
to  some  alteration  occurring  in  them. 
The  size  of  the  corpuscles  differs 
greatly  in  different  kinds  of  ani- 
mals ;  it  is  greater  in  birds  than  in 
mammalia,  and  largest  of  all  in  the 
naked  amphibia.  They  are  for  the 
most  part  smaller  in  quadrupeds 
than  in  man ;  in  the  elephant, 
however,  they  are  larger,  being 
^_ijj_th  of  an  inch,  which  is  the 
largest   size   yet  oLservod  in  the  blood-corpuscles  of  any  mammiferous 
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Fig.  XVI. — Blood  Corpuscles  op  the  Froo  ; 

MAGNIFIED  ABOUT  600  DIAMETERS. 

1,  shows  their  broad  surface  ;  2,  one  seen 
edgeways  ;  3,  shows  the  effect  of  weak 
acetic  acid  ;  the  nucleus  has  become  distinct ; 
4,  a  colourless  or  lymph  corpuscle  (from 
Wagner). 
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auimal-  the  goat  was  long  supposed  to  have  the  smallest,  viz.,  about  ^^Vo*^ 
of  an  inch  ;  but  Mr.  Gulliver  has  fouud  that  they  are  much  smaller  in  the 
Meminua  aud  Napu  musk  deer,  in  which  animals  they  are  less  than  y^^-^^th 
of  an  inch.  In  birds  they  do  not  vary  in  size  so  much ;  from  Mr.  Gu  liver  a 
very  elaborate  tables  of  measurement  it  appears  that  they  range  in  length  from 
about  -rVo^tli  to  ?<r'(TTT*li  of  breadth  is  u.su ally 

a  little  more  than  half  the  length,  and  their  thickness  about  a  third  of  the 
breadth  or  rather  more.  He  found  a  remarkable  exception  m  the  cor- 
puscles of  the  sno\vy  owl,  which  measure  xjVgth  of  an  inch  in  length  ;  and 
are  only  about  a  third  of  this  in  breadth.  In  scaly  reptiles  they  are  from 
1-  th  to  Xi?V(y*^  °f  length  ;  in  the  naked  amphibia  they  are 

Sich  larger    thus,  in  the  frog  they  are  T^ViJ*^  °^  1°^°'  ^"^^  TToT5*^ 

broad  ;  in  the  salamander  they  are  larger  still ;  but  the  largest  yet  known  m 
any  animal  are  those  of  the  proteus,  which  are  ^^o*^  ^  length, 

and  -J~th  in  breadth  ;  the  siren,  which  is  so  much  allied  to  the  proteus  in 
other^  Vespects,  agrees  Avith  it  also  in  the  very  large  size  of  its  blood- 
corpuscles;  they  measure  -^o^h.  of  an  inch  in  length,  and  y^ofi^  in  breadth. 
In  the  skate  and  shark  tribe  the  corpuscles  resemble  those  of  the  frog,  in 
other  fishes  they  are  smaller. 

From  what  has  been  stated,  it  will  be  seen  that  the  size  of  the  blood-cor- 
puscles in  animals  generally  is  not  proportionate  to  the  size  of  the  body  ;  at 
the  same  time  Mr.  Gulliver  remarks,  that  "  if  we  compare  the  measure- 
ments made  from  a  great  number  of  difierent  species  of  tlie  same  order,  it 
will  be  found  that  there  is  a  closer  connection  between  the  size  of  the 
animal  and  that  of  its  blood-corpuscles  than  has  been  generally  supposed  ; " 
and  he  has  pointed  oub  at  least  one  example  of  a  very  natural  group  of 
quadrupeds,  the  ruminants,  in  which  there  is  a  gradation  of  the  size  of  the 
corpuscles  in  relation  to  that  of  the  body. 

C.  Schmidt,  on  account  of  the  varying  size  which  the  corpuscles 
present,  in  dependence  upon  the  density  of  the  liquor  sanguinis,  has  sub- 
jected them  to  repeated  measurements  when  dried,  in  a  very  thin  layer  upon 
slips  of  glass.  It  has  been  thus  found  that  from  95  to  98  per  cent,  present 
the  same  magnitude. 

Structure. — The  large  corpuscles  of  the  frog  and  salamander,  when  drawn 
from  the  vessels  and  placed  under  the  microscope,  appear  to  consist  of  a  thin, 
transparent,  vesicular  envelope,  enclosing  a  solid  oval  mocleus  in  the  centre, 
with  a  quantity  of  softer  red-coloured  matter  disposed  round  the  nucleus  and 
filling  up  the  space  between  it  and  the  envelope.  When  exposed  to  the 
action  of  weak  acetic  acid,  (fig.  xvi.,^)  the  colouring  matter  is  speedily 
extracted,  and  the  nucleus  becomes  distinct,  whilst  the  envelope  is  rendered 
80  faint  as  to  be  scarcely  visible  ;  but  its  outline  may  be  still  brought 
into  view  by  adding  solution  of  iodine,  which  gives  it  colour  and  opacity. 
Pure  water  extracts  the  colour  and  distends  the  corpuscle  by  imbibition, 
altering  its  shape  from  oval  to  round,  and  making  the  nucleus  more 
conspicuous.  Often  in  these  circumstances  the  nucleus  is  displaced  from  its 
central  position,  and  it  may  even  be  extruded  altogether,  as  if  by  bursting 
of  the  corpuscle,  which  then  appears  flattened  aud  colourless,  and  in  this  con- 
dition is  generally  supposed  to  represent  only  the  ruptured  aud  empty 
envelope  ;  b\it  even  with  the  help  of  iodine,  no  rent  can  be  perceived  in  it. 
For  this  and  also  for  other  reasons  some  think  that  wliat  remains  behind 
after  escape  of  the  nucleus  is  really  the  soft  and  now  colourless  substance  of 
the  corpuscle,  and  that  it  has  no  distinct  envelope.  On  the  opposite  view  it 
is  suggested  that  the  absence  of  apparent  laceration  in  the  envelope  is  owinw 
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to  plasticity  of  its  substance  ;  and  the  case  has  been  compared  to  the  section 
of  a  soap-bubble  into  two  or  more  without  destruction  or  collapse.  Dr.  W. 
Roberts,*  who  makes  this  comparison,  has  brought  forward  some  curious 
observations  on  the  effects  of  solutions  of  magenta  and  of  tannin  on  the 
corpuscles  of  man  and  various  animals,  which  seem  to  him  to  speak  for  the 
presence  of  an  envelope.  It  must,  I  think,  be  admitted  that  the  question  is 
open  to  debate,  but  it  could  not  be  settled  by  even  a  miich  more  extended 
discussion  than  could  suitably  be  introduced  here. 

The  distension  by  water  is  caused  by  the  thinner  exterior  fluid  passing  by 
endosmosis  into  the  thicker  matter  of  the  corpuscle ;  and  precisely  the  opposite 
effect  may  be  produced  by  immersing  the  corpuscles  in  a  fluid  of  a  sufficiently 
high  degree  of  concentration,  so  as  to  cause  the  predominant  current  to  pass 
from  within  oittwards.  Accordingly,  on  using  a  strong  solution  of  salt  or  of 
sugar,  the  corpuscles  will  shrink  and  become  thinner  ;  and,  no  doubt,  the 
variations  in  plumpness  which  they  often  naturally  present,  are  owing  to 
differences  in  the  degree  of  concentration  of  the  surrounding  liquid.  The 
niicleus  (fig.  XVI., 3)  is  rather  more  than  a  third  of  the  length  of  the  cor- 
puscle ;  it  appears,  especially  after  being  exposed  to  the  action  of  vinegar, 
to  be  composed  of  tolerably  large  granules,  and,  when  so  treated  at  least,  it 
is  quite  free  from  colour.  But  it  must  be  remembered  that  it  is  only  after 
exposure  of  the  corpuscles  that  a  nucleus  becomes  apparent  ;  nothing  of  the 
kind  is  observable  when  they  are  seen  within  the  vessels,  so  that  some  think 
the  nuclei  are  formed  by  a  sort  of  precipitation  or  consolidation  in  the 
substance  of  the  corpuscles  when  they  are  withdrawn  from  the  animal.  The 
envelope  is  supposed  to  be  an  exceedingly  fine,  homogeneous,  and  pellucid 
membrane.  The  coloured  content  of  the  corpuscle  is  a  pale  reddish  matter ; 
not  liquid  but  obviously  of  a  soft  and  yielding  nature,  for  the  corpuscles 
alter  their  shape  on  the  slightest  pressure,  as  is  beautifully  seen  while  they 
move  within  the  vessels ;  they  are  also  elastic,  for  they  readily  recover  their 
original  form  again.  It  must  be  remarked  that  the  blood-corpuscles  when 
viewed  singly  appear  very  faintly  coloured,  and  it  is  only  when  collected  in 
considerable  quantity  that  they  produce  a  strong  deep  red, 

A  structure  similar  to  that  shown  in  the  large  blood-disks  of  amphibia, 
may  be  demonstrated  in  many  other  instances,  and  by  analogy  has  been 
inferred  to  exist  in  all,  man  not  excepted.  But  although  the  blood-cor- 
puscles of  man  and  mammalia  are  nucleated  in  the  early  stages  of  their 
formation,  it  is  now  satisfactorily  established  that  in  their  perfect  or  final 
condition  they  are  destitute  of  nuclei.  As  to  an  envelope,  some  observers, 
who  admit  its  presence  in  the  red  corpuscles  of  oviparous  vertebrata,  doubt 
of  its  existence  in  mammalian  blood-disks.  From  long  continued  and 
careful  observation,  Mr.  Gulliver  concludes  that  the  mammalian  red  cor- 
puscle consists  of  two  parts  ;  viz.,  1,  a  tegumentaiy  membranous  frame  of 
colourless,  homogeneous,  structureless  substance,  containing,  2,  a  semi- 
fluid, viscid,  coloured  matter.    The  effect  of  water  is  to  extract  the  easHy 


•  Proceedinss  of  the  Royal  Society,  vol.  xii.  p.  481.  Hensen,  who  also  holds  to  the 
belief  of  an  envelope,  thinks  that  the  red  corpuscle  of  the  frog  contains  protoplasin  m  a 
layer  next  the  envelope,  and  also  round  the  nucleus,  and  elsewhere  a  co  oured  mtra- 
ceUular  fluid.  His  observations  show  that  the  contents  may  be  separated  into  two 
substances,  but  they  are  by  no  means  conchisive  as  to  the  alleged  natm-al  d.str.but.on  of 
these  substances  within  the  corpuscle.  Zeitschr.  fur  wiss.  Zoologie  1861  p.  263  ) 
For  somrinSsting  observatious  by  Dr.  W.  Addison,  F.R.S.,  on  the  curious  effects 
produced  on  red  blood-corpuscles  by  immersion  in  sherry-wiue,  see  Proceedings  of  the 
Royal  Society,  Dec.  8,  1859. 
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soluble  coloured  substance  from  the  tegumentary  frame,  which  is  insoluble, 
ami  remains  behind,  shrunk  to  about  two-thirds  of  its  original  diameter. 
To  me  the  human  blood-corpuscles,  when  deprived  of  theii-  coloured  part  by- 
means  of  distilled  water,  and  subsequently  treated  with  solution  of  iodine, 
appear  under  the  microscope  like  somewhat  thick  shrunken  sloughs. 

The  human  blood-corpuscles,  as  well  as  those  of  the  lower  animals,  often 
present  deviations  from  the  natural  shape,  which  are  most  probably  due  to 
causes  acting  after  the  blood  has  been  drawn  from  the  vessels,  but  in  some 
instances  depend  upon  abnormal  conditions  previously  existing  in  the  blood. 
Thus,  it  is  not  unusual  for  many  of  them  to  appear  indented  or  jagged  at 
the  mai-gin,  when  exposed  under  the  microscope,  (fig.  xv. ,  ^)  and  the  number 
of  corpuscles  so  altered  often  appears  to  increase  during  the  time  of  observa.- 
tion.  This  is,  perhaps,  the  most  common  change  ;  but  they  may  become 
distorted  in  various  other  ways,  and  corrugated  on  the  surface  ;  not  unfre- 
quently  one  of  their  concave  sides  is  bent  out,  and  they  acquire  a  cup-like 
figure.  It  is  even  a  question  with  some  observers,  whether  the  biconcave 
figiure  which  the  corpuscles  generally  present  may  not  be  due  to  a  distension 
of  the  circumferential  part  of  an  originally  flat  disk.  Mr.  Gulliver  made 
the  curious  discovery,  that  the  corpuscles  of  the  Mexican  deer  and  .some 
allied  species  present  very  singular  forms,  doubtless  in  consequence  of  ex- 
posure ;  the  figitres  they  assume  are  various,  but  most  of  them  become 
lengthened  and  pointed  at  the  ends,  and  then  often  slightly  bent,  not  unlike 
caraway-seeds. 

The  red  disks,  when  blood  is  drawn  from  the  vessels,  sink  in  the  plasma  ; 
they  have  a  singular  tendency  to  run  together,  and  to  cohere  by  their 
broad  surfaces,  so  as  to  form  by  their  aggregation  cylindrical  columns,  like 
piles  or  rouleaus  of  money,  and  the  rolls  or  piles  themselves  join  together 
into  an  irregular  network  (fig.  xvii.).  In  a  few  moments  after  this  has  taken 
place,  a  heaving  or  slowly  oscillating  motion  is 
observable  in  the  mass,  and  the  rolls  may  then 
become  broken  up,  and  the  corpuscles  more  or 
less  completely  disjoined  (Jones).  Generally 
the  corpuscles  separate  on  a  sUght  impulse,  and 
they  may  then  unite  again.  The  phenomenon 
is  probably  of  a  physical  kind  :  it  will  take 
place  in  blood  that  has  stood  for  some  hours 
after  it  has  been  drawn,  and  also  when  the 
globules  are  immersed  in  serum  in  place  of 
liquor  sanguinis. 

By  processes,  which  need  not  here  be  detailed, 
Vierordt  and  Welcker  have  estimated  the  number 
of  rod  corpuscles  ia  a  cubic  millimetre  of  human 
blood.  The  former  assigns  it  at  upwards  of 
5,000,000  ;  the  latter  at  6,000,000  in  the  male,  and 
4,500,000  in  the  female. 

Pale  or  colourless  Corpuscles  (fig.  xviii.). — These  are  comparatively  few  in 
number,  of  a  rounded  and  slightly  flattened  figure,  rather  larger  in  man  and 
mammalia  than  the  red  disks,  and  varying  much  less  than  the  latter  in 
size  and  aspect  in  difl:erent  animals.  In  man  (during  health)  the  proportion 
of  the  white  corpuscles  to  the  red  is  about  2  or  3  to  1000.  This  proportion 
is  diminished  by  fasting  and  increased  after  a  meal,  especially  of  albuminous 
food.    Their  number  compared  with  the  red  corpuscles  is  said  to  bfl  greater 
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m  venous  than  arterial  blood  ;  and  it  is  much  greater  in  the  blood  of  the 
splenic  and  hepatic  veins  than  in  venous  blood  generally.  They  are  destitute 
of  colour,  finely  granulated  on  the  surface,  and  specifically  lighter  than  the 
red  corpuscles.  The  lai-ge  corpuscles  are  less  distinctly  granular  than  the 
small.  Water  has  little  effect  on  them  ;  acetic  acid  brings  speedily  into 
view  a  nucleus,  which  frequently  presents  a  reddish  tint  (Virchow  and 
KoUiker),  consisting  sometimes  of  one,  but  more  commonly  of  two,  three, 

or  four,  large  clear 'granules  (fig.  xviii.,-'^).  The 
Fig.  XVIII.  number  of  apparent  nuclei  is  said  by  Mr.  Wharton 

/  J  ones  to  depend  upon  the  strength  of  the  acetic  acid 

employed  ;  if  the  acid  is  much  diluted,  only  one  is 
seen  ;  if  strong  acid  is  used,  the  nucleus  breaks  up 
into  three  or  four  nuclear-looking  particles.  Under 
the  action  of  the  acid  the  circumferential  part  of  the 

Fig.    XVIII.  Pale    corpuscle  becomes  clear  of  granules  and  pellucid,  and 

Corpuscles  op  Hu-  swells  up  by  imbibition  with  a  regular  and  well- 
MAN  Blood  ;  magni-  defined  outline,  which  has  been  taken  for  the  indi- 
^J^LT''''  of  a  fine  envelope,  but  conclusive  evidence 

METERS.  1 1  •  •    1     •  •  m-i 

on  this  point  is  wanting.     The  clear  substance  is 

1,  natural  aspect ;  2    eventually  dissolved,  the  nucleus  remainino^. 
:^t'aS:tMctegs     ,         Pt  ,-^-Puscles  frequently  undergo  curious 
iato  view  the  single  or    changes  of  shape,  sending  out  processes  into  which 
composite  nucleus.  the  granules  enter,  and  retracting  them  again  ;  in 

short,  exhibiting  phenomena  which  have  been  aptly 
compared  to  the  movements  of  an  amoeba. 

Albuminous  gi'anules  and  molecules  of  a  fatty  nature  occur  in  the  blood 
in  varying  numbers  ;  sometimes  very  scantily,  or  not  at  all,  but  the  latter 
sometimes  in  vast  numbers  so  as  to  give  the  serum  a  turbid,  milky 
appearance.  These  are  probably  derived  directly  from  the  chyle  (its 
"  molecular  base  "),  and  they  are  especially  seen  in  the  blood  of  herbivora, 
in  sucking  animals,  and  in  pregnant  women. 

Occasional  Elements. — Besides  the  foregoing,  the  blood  occasionally  presents 
the  following  constituents  : — (1)  bodies  like  cells,  enclosing  blood-corpuscles, 
noticed  by  Ecker  and  KoUiker  in  the  blood  of  the  spleen  and  hepatic 
vessels,  and  elsewhere.  (2)  Pigmentous  granule-ceUs.  (3)  Pale,  fine-granular, 
roundish  aggregations,  in  the  splenic  blood.  (4)  Peculiar  bodies,  three  or 
four  times  larger  than  the  pale  corpuscles,  but  in  other  respects  resembling 
them,     (5)  Caudate,  pale,  or  pigmentous  cells.     (6)  Fibrinous  coagula. 

Liquor  Sanguinis,  or  Flasma. — This  is  the  pale  clear  fluid  in  which  the 
corpuscles  are  naturally  immersed.  Its  great  character  is  its  strong  ten- 
dency to  coagulate  when  the  blood  is  withdrawn  from  the  circulating  current, 
and  on  this  account  it  is  diflScult  to  procure  it  free  from  the  corpuscles. 
Nevertheless,  by  filtering  the  slowly  coagulable  blood  of  the  frog,  as  was 
first  practised  by  Miiller,  the  large  corpuscles  are  retained  by  the  filter, 
while  the  liquor  sanguinis  comes  through  in  perfectly  clear  and  colourless 
drops,  which,  while  yet  clinging  to  the  funnel,  or  after  they  have  fallen 
ruto  the  recipient,  separate  into  a  pellucid  glassy  film  of  fibrin,  and  an 
equally  transparent  diffluent  serum.  When  human  blood  is  drawn  in  in- 
flammatory diseases,  as  well  as  in  some  other  conditions  of  the  system,  the 
red  particles  separate  from  the  liquor  sanguinis  before  coagulation,  and 
leave  the  upper  part  of  the  liquid  clear.  In  this  case,  however,  the  plasma 
is  still  mixed  with  the  pale  corpuscles,  which,  being  light,  accumulate  at  the 
top.    On  coagulation  taking  place  in  these  circumstances,  the  upper  part  of 
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the  clot  remains  free  from  redness,  and  forms  the  well  known  "  buffy  coat" 
so  apt  to  apjjear  iu  iuflammatory  blood.  Now,  in  such  cases,  a  portion  of 
the  clear  liquor  mjiy  be  taken  up  with  a  spoon,  and  allowed  to  separate  by 
coagulation  into  its  fibrin  and  serum,  so  as  to  demonstrate  its  nature. 
Professor  Andrew  Buchanan  has  pointed  out  another  method  of  separating 
the  liquor  sanguinis  from  the  red  corpuscles,  which  I  have  repeatedly  tried 
with  success ;  it  consists  in  mixing  fresh-drawn  blood  with  six  or  eight  times 
its  bulk  of  serum,  allowing  the  red  particles  to  subside,  and  then  decanting 
the  supernatant  fluid,  and  filtering  it  through  blotting-paper ;  the  admixture 
of  serum  delays  coagulation,  and  a  great  part  of  the  liquor  sanguinis,  of 
course  diluted,  and  usually  more  or  less  coloured,  passes  through  the  filter, 
and  subsequently  coagulates. 

Coagulated  plasma,  whether  obtained  from  bufFy  blood,  or  exuded  on. 
inflamed  surfaces,  presents,  under  the  microscope,  a  multitude  of  fine  fila- 
ments confusedly  interwoven,  as  in  a  piece  of  felt ;  but  these  are  more  or 
less  obscured  by  the  intermixture  of  corpuscles  and  fine  granules,  the  former 
having  all  the  characters  of  the  pale  corpuscles  of  the  blood.  The  filaments 
are  no  doubt  formed  by  the  fibrin,  as  it  solidifies  in  the  coagulation,  of  the 
liquor  sanguinis. 

Blood  may  be  freed  from  fibrin  by  stirring  it  with  a  bundle  of  twigs, 
which  entangle  the  fibrin  as  it  concretes. 
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^  The  blood  is  slightly  alkaline  in  reaction.  Carbonic  acid,  oxygen,  and 
nitrogen  gases  may  be  extracted  from  it,  by  exhaustion  (Magnus),  by 
heating  after  dilution  with  water  (L.  Meyer),  or  by  both  these  means  com- 
bined (Setschenow).  Carbonic  acid  is  yielded  in  largest  proportion,  oxygen 
next,  and  nitrogen  least.  The  nitrogen  appears  to  be  simply  retained  by 
absorption,  the  other  two  partly  by  absorption  and  partly  by  weak  chemical 
combination.  The  combined  oxygen  is  probably  in  great  part  held  by  some 
component  of  the  red  corpuscles  ;  the  carbonic  acid,  which  is  obtained  iu 
larger  measure  from  serum,  seems  to  be  combined  partly  with  carbonate  of 
soda  in  a  bicarbonate,  and  partly  with  phosphate  of  soda,  from  both  of 
which  combinations  it  can  be  set  loose  by  heat  and  reduction  of  pressure. 
Arterial  blood  yields  more  oxygen  and  less  carbonic  acid  than  venous 
blood. 

On  being  evaporated,  1000  parts  of  blood  yield,  on  an  average,  about 
790  of  water  and  210  of  solid  residue.  This  residue  has  nearly  the  same 
ultimate  composition  as  flesh.  A  comparative  examination  of  dried  ox- 
blood  and  dried  flesh  (beef),  by  Playfair  and  Bceckmann,  gave  the  followinsr 
mean  result  : — ■  ° 


c^   ,  Flesh.  Blood. 

^"•■""^   51-86  51-96 

  7-68  7-25 

  15-03  15-07 

  21-30  21-30 

^^''^^   4-23  4-42 


i?ecZ  Cori^ttscies— The  specific  gravity  of  the  red  corpuscles,  in  a  moist 
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state,  is  calculated  at  1-088.  They  consist,  as  already  stated,  of  an 
insoluble,  colourless  tegumentary  substance  (envelope)  and  an  included  red 
matter,  wliicli  is  soluble  and  separable  by  water.  The  former  doubtless 
belongs  to  the  group  of  albuminoids  or  protein-bodies,  and  some  have 
regarded  it  as  a  species  of  fibrin,  but  in  truth  it  cannot  be  specifically 
ch.ai-actcrised.  In  numerical  statements  of  blood-analyses  it  is  reckoned 
along  with  the  globulin.  The  soluble  coloured  ingredient,  for  which  it  is 
convenient  to  retain  the  old  name  of  cruor,  is  separable  into  two  sub- 
stances,— one  named  glohuHn,  of  itself  colourless,  and  very  nearly  allied  to 
albumen  in  its  nature  ;  the  other  a  colouring  principle,  named  hmmatin  or 
hcemcdosin,  which  imparts  redness  to  the  first ;  and  hence  the  cruor  is  often 
also  designated  as  hcumato-globulin.  These  maybe  separated  by  the  following 
process : — 


Blood  deprived  of  fibrin  by  stirring  is  mixed  with  at  least  four  times  its  bulk  of 
saturated  solution  of  sulphate  of  soda,  and  thrown  upon  a  filter ;  a  few  of  the  corpuscles 
pass  through  with  the  liquid,  but  the  greater  part  remain  on  the  filter  in  form  of  a 
moist  red  mass.  This  is  boiled  with  alcohol  slightly  acidulated  with  sulphuric  acid  ; 
the  hsematin  is  thereby  dissolved,  while  the  colourless  globulin  remains  behind. 
Carbonate  of  ammonia  is  then  added  to  the  acid  solution  of  hsematin  while  it  is  yet 
hot,  to  remove  sulphuric  acid,  and,  after  being  cleared  by  filtration  from  sulphate  of 
ammonia,  and  a  little  globulin  which  is  precipitated,  the  liquor  is  evaporated  to  a 
twelfth  of  its  bulk ;  it  then  deposits  the  hasmatin  in  form  of  a  dark  brown  or  almost 
black  powder,  from  which  a  minute  proportion  of  fat  may  be  extracted  by  means  of 
ether. 

EcRmatin  thus  obtained  appears  to  be  altered  by  the  process  of  separa- 
tion, for  it  is  no  longer  soluble  in  water.  It  is  insoluble  also  in  alcohol 
and  ether  ;  but  it  readily  dissolves  in  any  of  these  liquids  after  being 
mixed  with  potash,  soda,  or  ammonia,  forming  deep  red  solutions.  It 
likewise  dissolves  in  alcohol  to  which  an  acid  has  been  added,  but  its  acid 
combinations  are  insoluble  in  water.  When  burned,  it  yields  nearly  ten 
per  cent,  of  peroxide  of  iron,  representing  nearly  seven  per  cent,  of  iron. 
The  quantity  of  iron  is  estimated  by  Schmidt  as  1  to  230  parts  of  red  cor- 
puscles. According  to  Mulder,  hasmatin  is  composed  of  carbon  65-84, 
hydrogen  5-37,  nitrogen  10-40,  oxygen  11-75,  andir  on  6-64  ;  or  C^,  H,2, 
N:„  0„  Fe. 

That  hfematin  is  an  altered  product  is  further  shown  by  an  observation  of  Hoppe, 
confirmed  by  Stokes,  both  of  whom  have  found  that  the  solution  of  cruor  (obtained  by 
difi'using  the  red  clot  in  water)  is  speedily  decomposed  by  acids,  and  that  the  coloured 
product  of  decomposition,  which  has  all  the  characters  of  hsematin,  agrees  with 
hrematin  in  its  efiects  on  the  prismatic  spectrum,  but  difi'ers  in  this  respect  from  the 
natural  or  unaltered  colouring  matter  of  the  cruor,  which  Mr.  Stokes  distinguishes  by 
the  name  of  cruorin* 

There  has  been  much  question  as  to  the  condition  in  which  the  iron  exists  m 
hsematin,  and  especially  whether  it  be  in  the  state  of  oxide  and  in  special  combination 
with  some  part  of  the  constituent  oxygen,  or  associated  in  an  elementary  form  with 
the  organic  matter,  as  sulphur  is  in  albumen.  The  latter  view  seems  to  be  the  more 
probable  for  the  whole  of  the  iron  may  be  removed  from  hsematin,  without  abstracting 
oxygen  or  disturbing  the  relative  proportions  of  the  other  elements.    When  thus 


*  For  an  account  of  the  examination  of  the  colouring  matter  of  the  blood  by  the  prism, 
and  .of  the  differences  in  its  absorptive  effect  on  liglit,  according  to  its  oxidated  or 
deoxidated  condition,  the  reader  is  referred  to  an  impo.-tant  paper  by  Professor  G.  G. 
Stokes,  in  the  Proceedings  of  the  Royal  Society  for  June  16,  1804,  vol.  xm.  p.  365. 
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deprived  of  iron  the  lirematin  retains  its  colour,  and  has  suffered  no  appreciable 
change  in  character.  It  would  seem  therefore  that  iron,  although  a  constant  ingre- 
dient" in  the  red  corpuscle,  is  not  an  essential  constituent  of  htematin,  and  it  is,  at 
any  rate,  clear  that  the  red  colour  of  the  blood  is  not  caused  by  iron. 


Globulin. — When  the  hoematin  has  been  extracted  from  the  blood- 
corpuscles  by  the  foregoing  method,  the  globulin  and  envelopes  remain  in 
combination  or  mixture  with  sulphuric  acid.  Globulin  is  a  protein  com- 
pound, agreeing  very  nearly  with  albumen  and  casein  in  elementary  com- 
position, so  far  as  this  has  been  ascertained,  but  most  resembling  the  latter 
substance  in  its  general  characters.  Globulin  is  nearly  insoluble  in  pure 
water,  but  readily  dissolves  on  a  very  slight  addition  of  either  an  alkali  or 
an  acid.  Weak  acids  throw  it  down  from  its  solution  in  alkali,  but  when 
added  in  slight  excess  re-dissolve  it.  In  like  manner  it  is  precipitated  by 
alkalies  from  its  solutions  in  acids  and  re-dissolved  by  excess.  From  neither 
of  these  solutions  is  it  thrown  down  by  heat.  It  is  dissolved  by  neutral  salts, 
and  from  this  solution  heat  throws  it  down  in  an  insoluble  precipitate. 
From  its  slightly  alkaline  solution  in  water  it  is  thrown  down  by  a  stream 
of  carbonic  acid,  and  may  be  re-dissolved  by  passing  air  or  oxygen  through, 
the  liquid.  Its  precipitate  is  distinguished  from  that  of  other  albuminoids 
by  being  always  in  form  of  fine  granules  or  molecules.  But  the  most  im- 
portant and  distinctive  character  of  globulin  is  its  fibrino-plastic  property, 
to  be  afterwards  further  referred  to,  by  which  it  co-operates  with  another 
protein-substance  in  producing  solid  fibrin  ;  this  property  is  destroyed  by 
exposure  of  the  solution  to  a  boiling  heat. 

Globulin  forms  the  greater  part  of  the  crystalline  lens,  and  it  is  no  doubt  present 
in  the  pale  blood-corpuscles ;  it  exists  also  in  the  ckyle  and  lymph,  the  cornea,  the 
aqueous  humour,  and  various  other  tissues  and  fluids,  if  its  presence  is  to  be  inferred 
from  the  manifestation  of  the  fibrino-plastic  property.  The  globulin  of  the  red 
corpuscles  is  crystallisable,  as  will  be  presently  explained. 


The  cruor,  or  the  soluble  matter  of  the  red  corpuscles,  whicb  consists  of 
the  globulin  and  colouring  principle  (the  cruorin  of  Stokes)  together,  forms 
in  water  a  solution  (maintained  probably  by  soda  and  salts)  which  in  its 
effects  with  re-agents  agrees  with  solution  of  globulin.  Berzelius  reckons 
the  relative  proportions  of  globulin  and  hsematin  as  94-5  of  the  former, 
and  5-5  of  the  latter.  Schmidt  makes  them  87-59,  and  12-41  respectively. 
The  corpuscles  also  contain  a  solid  phosphuretted  fat  in  small  quantity, 
which  may  be  stated  at  rather  more  than  2  parts  in  the  100  of  dried 
corpuscles.  100  parts  of  dried  cruor  yield  by  calcination  about  1-3  of 
brown  alkaline  ashes,  which  consist  of  carbonate  of  alkali  with  traces  of 
phosphate  0-3,  phosphate  of  lime  0-1,  lime  0-2,  subphosphate  of  iron  0-1, 
peroxide  of  iron  0-5,  carbonic  acid  and  loss  0-1. 

Blood-crystals. —In  the  blood  of  man  and  various  animals,  when  drawn 
from  the  vessels  and  set  aside  for  a  time,  red  crystals  occasionally  appear, 
consisting  of  globulin  tinted  by  the  colouring  matter  :  and  their  formation 
may  be  promoted  by  adding  water  to  defibriuated  blood  so  as  to  set  free  the 
cruor  from  the  corpuscles,  and  exposing  the  watered  blood  first  to  a  stream 
of  oxygen  and  then  to  carbonic  acid.  Or  a  drop  of  blood,  defibriuated  or 
not,  IS  to  be  mixed  with  a  little  water  on  a  slip  of  glass,  exposed  for  a  little 
to  the  air,  then  breathed  upon,  and  finally  covered  with  thin  glass  and 
placed  m  a  bright  light,  which  seems  to  favour  the  crystallisation.  The 
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crystals  are  said  readUy  to  appear  in  both  cases  ;  but  I  must  confess  that 
the  second  method  has  generally  failed  in  my  hands  with  human  or  bullock's 
blood.  The  addition  of  alcohol,  ether,  and  especially  chloroform,  greatly 
promotes  the  operation. 

From  human  blood,  and  that  of  most  mammals,  the  crystals  are  pris- 
matic in  form  (fig.  xix.,^),  but  tetrahedral  in  the  guineapig,  rat,  and 
mouse  {-),  hexagonal  plates  in  the  squii-rel  (^),  and  rhombohedrons  in  the 
hamster  (■*).* 


Fig.  XIX.  The  crystallising  matter  is  perhaps  modi- 

fied in  its  properties  under  these  diflferent 
forms ;  at  least,  it  has  been  found  that  all 
are  not  equally  soluble  in  water.  The  red 
colouring  principle  (hsematin)  is  not  essen- 
tial to  the  crystals,  for  Lehmann  has,  by 
recrystallisation,  obtained  them  free  from 
colour,  and  apparently  unchanged  in  otlier 
respects ;  neither  does  the  undissolved 
envelope  or  tegumentary  frame  of  the 
corpuscle  take  any  share  in  the  crystallisa- 
tion. The  crystallising  matter,  therefore, 
must  be  the  colourless  protein-substance  of 
the  cruor,  namely,  globulin.  It  has  been 
proposed  to  call  this  substance  "blood- 
crystalline,"  on  account  of  its  property  of 
crystallising,  which  does  not  belong  to  the 
globulin  of  the  crystalline  lens,  so  far  as  is 
yet  known.  The  change  of  name,  however, 
is  confusing,  and  appears  inexpedient,  espe- 
cially as  we  know  that  all  forms  of  globulin 
agree  in  the  much  more  characteristic  pro- 
perty of  being  fibrino-plastic. 

The  haematin  itself,  or  some  chemical 
modification  of  it,  can  also,  it  is  supposed,  be 
crystallised;  and  the  rhombic  prisms  and 
acicular  crystals  {hcemin  a-ystals),  obtained 
by  Teichmann  by  treating  blood  with  concentrated  acetic  acid,  are  considered  to  be 
of  this  nature.  Crystals,  moreover,  of  a  substance  (also  occurring  amorphously)  which 
has  been  named  "  heematoidin,"  and  is  probably  derived  from  modified  hsematin,  are 
often  found  in  old  coagula  and  effusions  of  blood  within  the  bodj-.  These  occur  in 
form  of  rhombic  plates  or  prisms,  of  a  yellow  or  red  colour ;  they  are  insoluble  in 
water,  alcohol,  ether,  and  acetic  acid,  and  contain  no  iron. 


Fig.  XIX. — Blood  Crystals  Magnified. 

1,  from  human  blood ;  2,  from  the 
guineapig ;  3,  squirrel  ;  4,  hamster. 


Proportion  of  red  Corpuscles. — The  red  corpuscles  form  by  far  the  largest 
part  of  the  organic  matter  in  the  blood  :  their  proportion  may  be  ascer- 
tained by  filtering  defibrinated  blood  mixed  with  solution  of  Glauber's  salt, 
as  already  mentioned  ;  or  by  weighing  the  dried  clot,  and  making  allow- 
ance for  the  fibrin  it  contains.  The  latter  method,  however,  will  serve 
only  to  give  a  rough  estimate,  as  the  very  uncertain  amount  of  serum 
remaining  in  the  clot  and  afi"ectiug  its  weight  cannot  be  determined. 
Prevost  and  Dumas  made  too  large  a  deduction  for  the  solid  matter  sup- 
posed to  belong  to  the  retained  serum,  and  this  reduced  the  estimate  of 

*  A  late  ^vriter,  Bojanowski,  represents  them  as  rectangular  tables  in  man  and 
hexagonal  plates  in  the  mouse.    Zeitsch.  f.  Wissensch.  Zool.  1862. 
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the  dried  corpuscles  too  much,  viz.  to  129  parts  per  1000  of  bloody  Le- 
canu  also  gives  it  at  from  120  to  130.  Becquerel  and  Rodier  at  from  131 
to  152  Schmidt,  from  three  modes  of  calculation,  which  it  is  needless 
here  to  explain,  arrived  at  the  conclusion  that  the  proportion  of  moist  red 
co^lcles 'in  ioOO  parts  of  blood  is  from  480  to  520  ;  but  h^e  are 
reasons  for  regarding  this  as  too  high  au  estimate  He  considers  that 
in  the  moist  state  they  consist  of  31  per  cent,  of  solid  matter  and  69  per 
cent,  of  water  :  on  this  understanding,  of  course,  much  of  the  water  esti- 
mated by  the  loss  in  drying  blood  must  be  assigned  to  the  coi-puscles. 

Different  observers  agree  that,  as  a  general  rule,  the  proportion  of.  red  particles  is 
greater  in  the  blood  of  the  male  sex  than  in  that  of  the  female.  Lecanu  gives  the 
following  mean  result,  derived  from  numerous  analyses,  exhibitmg  the  proportion  ot 
dry  crassamentum  and  water  in  the  blood  of  the  two  sexes.  No  deduction  is  made 
for  the  fibrin;  but,  considering  its  small  relative  quantity,  any  possible  variation  m 
it  cannot  materially  affect  the  general  conclusion. 

Male.  Female. 
Crassamentum,  from       .    115-8  to  H8       .       .        68-3  to  129-9 
"Water    .       .       .       .778    to  805       .       .       790   to  853 

Becquerel  and  Rodier  state  the  crassamentum  in  the  female  at  from  113  to  137. 
Lecanu  found  the  following  differences  in  the  crassamentum    according  to 
temperament : — 

Male.  Female. 
Sanguine  temperament     .       .       .     136-4     .       .       •  126-1 
Lymphatic  temperament  .       .       .     116-6     .       .        .  117-3 

As  regards  age,  Denis  found  the  proportion  of  crassamentum  greatest  between  the 
ages  of  30  and  40.  Sudden  loss  of  blood  rapidly  diminishes  it.  In  two  women  who 
had  suffered  from  uterine  hajmorrhage,  the  crassamentum  amounted  to  only  70  parts 
in  1000.  The  same  effect  may  be  observed  to  follow  ordinary  venesection.  In  a 
person  bled  three  times  in  one  day,  Lecanu  found  in  the  first  drawn  blood  139,  and 
in  the  last  only  76  parts  of  crassamentum  in  the  1000.  This  effect  may  be  produced 
very  suddenly  after  a  bleeding.  Prevost  and  Dumas  bled  a  cat  from  the  jugular 
vein,  and  found  116  parts  of  crassamentum  in  1000,  but  in  blood  drawn  five  minutes 
afterwards,  it  was  reduced  to  93.  The  sudden  loss  of  blood  probably  causes  a  rapid 
absorption  of  serous  and  watery  fluid  into  the  vessels,  and  thus  diminishes  the  relative 
amount  of  the  red  particles.  It  is  found  that  the  blood  of  warm-blooded  animals  is 
richer  in  crassamentum  than  that  of  the  cold-blooded;  and,  among  the  former,  the 
proportion  is  highest  in  the  class  of  birds. 

Liquor  Sanguinis. — The  fluid  part  of  the  blood,  as  already  described, 
separates  spontaneously  into  fibrin  and  serum.  The  fibrin  may  be  obtained 
by  stirring  the  blood  as  soon  as  possible  after  it  is  drawn,  or  by  washing 
the  crassamentum  with  water,  to  free  it  from  cruor.  Procured  in  either 
of  these  ways,  the  fibrin  contains  pale  corpuscles  and  a  small  portion  of 
fat.  From  dried  fibrin  of  healthy  human  blood,  Nasse  obtained  near  5  per 
cent,  of  fab,  and  still  more  from  the  fibrin  of  buffy  blood.  The  propor- 
tion of  fibrin  in  the  blood  does  not  exceed  2^  parts  in  1000  ;  indeed, 
according  to  the  greater  number  of  observers,  it  is  not  more  than  2i.  As 
a  general  rule,  the  quantity  is  somewhat  greater  in  arterial  than  in  venous 
blood,  and  it  is  increased  in  certain  states  of  the  body,  especially  in  inflam- 
matory diseases  and  in  pregnancy.     Nasse  thinks  that  the  whole  fibrin 


*  For  an  account  of  Schmidt's  method,  see  Lehmann's  Physiological  Chemistry 
(Cavendish  Society's  Translation),  vol.  ii. 
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cannot  be  separated  from  the  blood  by  tbe  processes  employed,  for  he 
believes  that  a  portion  remains  suspended  in  the  liquid  in  form  of  minute 
microscopic  scales  or  films. 


Denis  pointed  out,  that  fibrin  obtained  from  the  coagulum  of  venous  blood,  if  quite 
recent,  and  not  previously  much  exposed  to  the  air,  is  capable  of  being  slowly  dis- 
solved in  a  slightly-heated  solution  of  nitre.  Scherer  and  Nasse  have  confirmed  this 
statement,  and  the  latter  finds  that  fibrin  got  by  stirring  may  also  be  dissolved  in  the 
same  way,  provided  it  is  quite  fresh.  On  the  other  hand,  nitre  does  not  dissolve 
fibrin  of  arterial  blood,  nor  fibrin  that  has  been  some  time  exposed  to  the  air,  from 
whatever  source  it  may  be  derived;  nor,  according  to  Scherer,  the  fibrin  of  the 
buffy  coat. 

Origin  of  Fibrin. — It  is  now  ascertained  that  the  fibrin  is  not  present,  as 
such,  in  a  liquid  form,  in  the  plasma,  but  is  produced  at  the  moment  of 
consolidation  by  the  co-operation  or  combination  of  two  previously  distinct 
substances.  About  twenty  years  ago.  Professor  Andrew  Buchanan*  disco- 
vered that  the  fluid  of  hydrocele,  which  might  in  an  unmixed  state  be 
kept  for  an  indefinite  time  without  coagulating,  very  speedily  congealed 
and  separated  into  clot  and  serum  when  mixed  with  a  little  blood.  Ordi- 
nary blood-serum,  blood-clot,  especially  washed  clot,  and  bufiy  coat,  even 
after  being  dried  and  long  kept,  when  added  in  small  proportion  to  the 
hydrocele-fluid,  produced  the  same  efi'ect.  From  these  facts  Dr.  Buchanan 
concluded  that  fibrin  exists  as  a  liquid  both  in  hydrocele-fluid  and  in  the 
liquor  sanguinis,  that  hquid  fibrin  does  not  coagulate  spontaneously,  but 
requires  for  that  end  the  influence  of  some  "suitable  re-agents,"  that  such 
a  re-agent  is  naturally  present  in  the  blood,  and  brings  about  the  solidifica- 
tion of  its  fibrin  in  the  natural  process  of  coagulation,  and  that  it  is  absent 
from  the  hydrocele  fluid,  but  when  sujjplied  by  the  addition  of  blood, 
causes  the  fluid  fibrin  to  solidify.  On  further  reasoning  on  the  facts  he 
had  observed,  Dr.  Buchanan  was  led  to  believe  that  "coagulant  power" 
was  mainly  seated  in  the  pale  corpuscles,  which  abound  in  the  washed 
clot  and  the  bufl"y  coat,  and  are  present  in  the  scrum  ;  and  that  their 
efiicacy  depended  on  their  organisation  as  elementary  cells.  In  harmony 
with  this  latter  view,  he  foimd  on  trial  that  the  organised  tissues,  such  as 
muscle,  skin,  and  spinal  marrow,  possessed  the  same  power,  though  in  a 
less  degree  than  the  pale  corpuscles,  in  which,  as  primary  cells,  the  meta- 
bolic power  is  more  energetic. 

The  remarkable  phenomenon  described  by  Dr.  Buchanan  did  not  obtain 
the  consideration  it  deserved,  and  the  coagulation  of  hydrocele-fluid 
under  the  conditions  stated,  was  commonly  ascribed  to  some  catalytic 
action  of  the  substance  added,  which  induced  liquid  fibrin  present  in  the 
fluid  to  solidify.  In  1861,  however.  Dr.  A.  Schmidt,  of  Dorpat,  appa- 
rently unaware  of  Dr.  Buchanan's  observations,  fell  upon  facts  of  the  same 
kind,  and  pursuing  the  investigation  by  an  elaborate  series  of  experiments 
not  only  with  hydrocele-fluid,  but  with  pericardial,  peritoneal,  and  other 
serous  fluids  and  efi"usions,  which  give  a  like  result,  has  satisfactorily 
shown  that  fibrin  has  no  existence  in  a  liquid  state,  but  that  when  it 
appears  as  a  coagulum  in  a  fluid,  it  is  actually  produced  then  and  there  by 
the  union  of  two  constituents  present  in  solution,  and  forthwith  shed  out 
as  a  solid  matter.    One  of  these  constituents  which  contributes  m  largest 


*  Proceedings  of  the  Glasgow  Philosophical  Society,  Feb.  19, 
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measure  to  the  product,  he  names  Jibrino(jenous  substance,  the  other  Jibrino- 
plastic  substance.  In  the  coagulation  of  hydrocele-fluid,  the  former,  or 
fibrinogen,  is  already  there,  while  the  fibrinoplastin  is  supplied  from  the 
blood.  It  is  not  that  the  latter  converts  albumen  into  fibrin,  for  after  a 
certain  amount  of  fibrin  has  been  coagulated  from  the  serous  fluid  no 
further  addition  will  generate  more,  although  abundance  of  albumen 
remains  ;  and  again,  a  given  quantity  of  fibrinoplastin  will  not  coagulate 
with  equal  rapidity  and  intensity  any  amount  of  fluid  containing  fibrinogen. 
In  short,  the  fibrinoplastic  substance  seems  not  to  operate  as  a  ferment  or 
by  catalysis,  but  by  combining  with  the  other  necessary  ingredient.  Now 
Schmidt  has  shown  that  the  fibrinoplastic  matter  presents  all  the  chemical 
characters  of  globulin,  and  is  in  fact  nothing  else  than  that  substance. 
Accordingly  he  finds,  as  already  stated,  that  blood- crystals  are  highly  fibrino- 
plastic. This  globulin  is  not  restricted  to  the  red  corpuscles  ;  it  exudes  from 
them  into  the  plasma  in.  the  coagulation  of  the  blood,  and  a  residual  portion 
remains  in  the  serum  when  the  process  is  over;  globulin  doubtless  exists  also 
in  the  pale  corpuscles.  Nor  is  it  confined  to  the  blood.  From  chyle  and 
lymph,  from  the  aqueous  humour  of  the  eye  and  watery  extract  of  the  cornea, 
from  the  vitreous  humoiir  and  crystalline  lens,  from  connective  tissue,  and 
from  saliva  and  synovia,  a  substance  may  be  obtained  having  the  same 
re-actions  and  the  same  fibrinoplastic  power.  Fibrinogen  may  be  thrown 
down  from  hydrocele-fluid  by  a  mixture  of  alcohol  and  ether  ;  it  very  closely 
resembles  globulin  in  its  chemical  relations,  only  it  is  less  soluble  in  acids 
and  alkalies,  and  less  energetic  in  all  its  re-actions.  Of  course,  it  exists  in 
blood-plasma,  and  in  the  process  of  coagulation  of  the  blood  combines  with 
globulin,  transuded  from  the  corpuscles,  to  form  the  fibrin  of  the  clot.* 

Serum. — This  is  a  thin  and  usually  transparent  liquid,  of  a  pale  yellowish 
hue  ;  it  is,  however,  sometimes  tui'bid,  or  milky,  and  this  turbidity  may 
depend  upon  different  conditions,  but  most  commonly  on  excess  of  fatty 
molecules.  The  specific  gravity  of  serum  ranges  from  1025  to  1030,  but  is 
most  commonly  between  1027  and  1028  (Nasse),  and  is  more  constant  than 
that  of  the  blood.  The  solid  contents  of  the  serum  are  not  more  than  8  or 
9  in  100  parts  ;  the  proportion  of  water  being,  for  males  90-88,  and  for 
females  91-71.  It  is  always  more  or  less  alkaline.  When  heated,  it 
coagulates,  in  consequence  of  the  large  quantity  of  albumen  it  contains  ; 
and  after  separation  of  the  albumen,  a  thin  saline  liquid  remains,  some- 
times named  "serosity."  The  following  ingredients  are  found  in  the 
serum  : — 

Albumen. — This  principle  is  considered  to  be  combined  with  soda  as  an 
albuminate  ;  its  quantity  may  be  determined  by  precipitating  it  in  the 
solid  form  by  means  of  heat  or  alcohol,  washing  with  distilled  water, 
drying,  and  weighing  the  mass.  Its  proportion  is  about  80  in  1000  of 
serum,  or  nearly  40  in  1000  of  blood. 

Globulin. — When  serum  is  diluted  Avith  about  ten  times  its  bulk  of 
distilled  water,  and  subjected  to  a  stream  of  carbonic  acid,  the  liquid 
becomes  turbid,  and  globulin  is  precipitated.  It  may  also  be  obtained  from 
the  diluted  serum  by  the  cautious  addition  of  acetic  acid,  but  the  least 


iQri     ?    '         '      ^^'^^'^i"*  ^  I)"  I^ois  Xleymond's  Avcliiv.  fiir  Anat.  u.  Physiol 
1801  and  1862.    For  a  hicid  account  of  tlie  progress  and  present  state  of  this  question' 
founded  on  a  confirmatory  repetition  of  Buchanan's  and  of  Schmidt's  fundamental  exneri- 
menta,  see  an  article  on  ' '  the  Coagulation  of  the  Blood,"  [by  Dr.  Michael  Foster,  1  ii  the 
^atural  History  Review  for  1864,  p.  157.  "'>v.ci,  j  m  mo 
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excess  of  acid  will  re-dissolve  tlie  precipitate.  This  globulin  is  probably 
the  casein  of  the  serum  described  by  various  authorities. 

Fatty  Compounds. — It  has  been  already  stated  that  the  red  corpuscles  and 
the  fibrin  yield  a  certain  quantity  of  fat  ;  but  a  portion  of  the  fat  of  the 
blood  remains  in  the  serum,  partly  dissolved,  and  partly  diffused  in  the 
liquid.  It  may  be  separated  by  gently  agitating  the  serum  with  about  a 
third  of  its  biilk  of  ether,  or  by  evaporating  the  serum  and  digesting  the  diy 
residue  in  ether,  or  in  boiling  alcohol.  The  turbid  milky  aspect  which 
serum  often  exhibits,  is  in  most  cases  due  to  a  redundance  of  fat,  and  may 
accordingly  be  removed  by  agitation  with  ether. 


The  fatty  matters  of  the  blood  are  of  various  kinds,  viz.,  cholesterin,  serolin,  and 
the  ordinary  saponifiable  fats  of  the  body  {inan/arates  and  oleales) ;  also,  according  to 
Berzeliiis  and  Lecanu,  phosjyhuretled  fat,  similar  to  that  found  in  the  brain.  Berze- 
lius,  indeed,  is  disposed  to  think  that  the  blood  contains  every  variety  of  fat  that  is 
found  in  other  parts  of  the  body.  Lecanu  could  not  obtain  the  phosphuretted  fat 
from  either  the  serum  or  the  fibrin,  and  Berzelius  therefore  supposes  that  it  is 
associated  with  the  red  corpuscles ;  he  also  states  that  the  fat  extracted  from  the 
fibrin  is  different  from  ordinary  fat.  The  usual  quantity  of  fat  of  all  kinds  in  1000 
parts  of  blood  is  stated  by  Lecanu  to  be  5'15,  by  Simon  '2-3,  and  by  Nasse  2  0. 


Extractive  Matters. — When  the  serum  has  been  freed  from  albuminous 
matter  by  coagulation,  and  from  fat  by  ether,  and  is  evaporated  to  dryness,  a 
yellowish  or  brown  mass  remains,  consisting  of  organic  matters  mixed  with 
salts  ;  the  former  belonging  principally  to  the  ill-defined  class  of  substances 
denominated  "extractive  matters."  These  have  now  been  more  carefully 
sifted,  and  have  yielded  several  definite  and  recognisable  bodies,  generated  in 
the  natural  process  of  decomposition  of  the  tissues,  or  residual  matters  of 
nutrition  formed  in  the  blood  itself,  and  on  their  way  to  be  excreted  by  the 
kidneys.  Several  of  the  substances  to  be  next  mentioned  belong  to  this 
class,  and  as  they  are  obviously  excrementitial  and  transitory  ingredients, 
they  are  not  allowed  to  gather  in  any  notable  quantity  in  the  healthy  state 
of  the  economy, 

Creatin  and  Creatinin. — Products  of  the  natural  "wear  "  of  the  muscles, 
or  derived  from  fleshy  food.  These  compounds,  which  are  found  in  muscular 
substance  and  in  the  urine,  together  with  hijpoxanihin  (also  named  sarhin), 
obtainable  from  the  same  sources,  have  been  stated  to  exist  in  excessively 
Bmall  quantities  in  the  blood. 

XJrea. — This  substance,  which  accumulates  in  the  blood  of  animals  after 
extirpation  of  the  kidneys  or  ligature  of  the  renal  arteries,  as  well  as  in 
certain  diseases,  has  been  found  in  very  minute  quantity  in  the  healthy 
blood  of  the  ox  and  of  the  calf,  by  Marchand  and  Simon,  and  in  that  of 
man,  by  Lehmann,  Garrod,  and  others.  It  is,  however,  in  such  excessively 
small  quantity,  that  its  estimation  is  attended  with  great  difficulty. 

Uric  Acid  has  been  shown  to  exist  in  healthy  blood  by  Dr.  Garrod,  and 
in  that  of  persons  suffering  from  gout  it  is  in  such  considerable  quantity 
as  to  be  readily  detected.     In  health  its  proportion  is  extremely  small. 

Hippuric  Acid  is  found  in  the  blood  of  herbivora,  and  according  to  some 
observers  in  that  of  man.    There  is,  however,  much  doubt  upon  this  point. 

Leucin  and  Tyrosin,  which  exist  in  almost  all  secretions  and  excretions, 
probably  are  present  in  minute  quantity  iu  the  blood  ;  but  as  yet  they  have 
only  been  detected  in  it  in  disease  of  the  liver. 

Sugar  has  been  found  in  the  blood  of  dogs,  oxen,  and  cats,  also  iu  that 
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of  diseased  and  healthy  persons.  The  quantity  is  very  small.  Tlie  fonn 
of  sugar  is  that  known  as  glucose  or  grape  sugar. 

Colonnng  Principles. — A  yellow  or  greenish-yellow  colouring  principle, 
supposed  to  he  the  same  as  that  of  the  bile,  has  been  found  by  various 
chemists  in  the  blood  of  persons  aflFected  with  jaundice,  and,  according  to 
Lecanu  and  Denis,  a  certain  amount  of  it  may  be  detected  even  in  healthy 
blood.  The  colouring  matter  which  gives  a  pale  yellowish  tint  to  ordinary 
serum  does  not,  however,  exhibit  the  reactions  of  bile- pigments. 

Odoriferous  Matters.  Denis  describes  three.  1.  One  combined  with  fat, 
smelling  like  garlick.  2.  One  supposed  to  depend  on  a  volatile  oil,  with  an 
odour  said  to  be  of  peculiar  character  in  each  species  of  animal,  and  to  be 
heightened  by  adding  sulphuric  acid  to  the  blood.  3.  One  of  a  variable 
character,  derived  from  the  food.  Schmidt  found  that  the  blood  of  only 
three  animals  yielded  an  odour  distinctive  of  the  species. 

Salts. — 1.  Having  soda  and  potash  as  bases,  combined  with  lactic, 
carbonic,  phosphoric,  sulphuric,  and  fatty  acids.  Also  chlorides  of  sodium 
and  potassium,  the  former  in  large  proportion.  Schmidt  has  pointed  out 
that  the  potash  salts  exist  almost  exclusively  in  the  blood-corpuscles  and  the 
soda  salts  principally  in  the  serum.  In  the  corpuscles  there  are  principally 
chloride  of  potassium  and  phosphate  of  potass  :  in  the  serum,  chloride  of 
sodium,  and  phosphate  of  soda.  The  following  table  (giving  the  mean  of 
eight  experiments)  exhibits  the  relative  quantities  of  jjotassium  and  sodium, 
and  of  phosphoric  acid  and  chlorine,  in  the  blood  corpuscles  and  plasma. 


100  parts  of  Inorganic  Matters. 


Blood-Ci 
K. 

n-puscles. 
Na. 

Pla 
K. 

sma. 
Na. 

Blood- Cc 

^rpuscles. 
CI. 

Pla 
PO,. 

sma. 
CI. 

40-89 

9-71 

5-19 

37-74 

17-64 

21-00 

6-08 

40-68 

The  Table  shows  that  the  chlorides  are,  relatively  to  the  phosphates,  in  much 
larger  quantity  in  the  plasma  than  in  the  blood-corpuscles ;  and  that  the  phosphates 
are,  relatively  to  the  chlorides,  in  much  larger  proportion  in  the  blood-corpuscles  than 
in  the  plasma. 

2.  Lactate  of  ammonia.  3.  Salts  with  earthy  bases,  viz.,  lime  and' magnesia 
with  phosphoric,  carbonic,  and  sulphuric  acids. 

The  earthy  salts  are  for  the  most  part  associated  with  the  albumen,  but  partly  with 
the  crassamentum.  As  they  are  obtained  by  calcination,  it  has  been  suspected  that 
the  phosphoric  and  sulphuric  acids  may  be  in  part  formed  by  oxidation  of  the  phos- 
phorus and  sulphur  of  the  organic  compounds.  Nasse  found  in  1000  parts  of  blood 
4  to  7  of  alkaline,  and  0-53  of  earthy  salts. 

Mean  Composition. — The  following  statement  of  the  mean  composition  of 
human  venous  blood  is  from  Lecanu.  (Etudes  chimiques  sur  le  sane 
humain,  Paris,  1837.) 
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Free  oxygen,  nitrogen,  and  carbonic  acid  , 
Extractive  matters 
Fatty  matters,  viz. 

Phosplmretted  fat 

Cholesterin 

Serolin 

Oleic  and  margaric  acids  (free) 
Ditto  combined  with  soda 
Volatile    odoriferous    oily  acid 
(combined  -with  a  base). 

Salts,  viz. 

Chloride  of  sodium 
„  potassium 
,,  ammonium 
Carbonate  of  soda 
„  lime 
„  magnesia 
Phosphate  of  soda 
„  lime 
„  magnesia 
Lactate  of  soda 
Yellow  colouring  matter 
Albumen  ...... 

Water  

Fibrin  

Haamatin         .       .        2-27  J  ^  , 
Albumen  (globulin)       125  63  }  Corpuscles  127-90 


67-80 
790  37 
2-95 


Serum 


869-15 


Crassamentum  130-85 


1000- 


Lecami's  statement  refers  all  the  -water  of  the  blood  to  the  serum,  and  thus 
exaggerates  the  quantity  of  albumen.  The  following  statement  (from 
Lehmann)  may  be  taken,  as  a  more  correct  account  of  the  distribution 
of  the  several  constituents  ;  but  the  proportion  assigned  of  albumen  is 
pi'obably  somewhat  too  low. 

In  1000  parts  of  Blood. 


Corpuscles. 

Plasma. 

Total. 

Water 

.  344 

451-45 

795-450 

Hasmatin 

8-375 

8-375 

Globulin  and  Envelopes 

.  141-110 

141-110 

Fat         .       .       .  . 

1-155 

0-860 

2015 

Extractive  matters 

1-300 

1-970 

3-270 

Saline  „ 

4-060 

4-275 

8-335 

Fibrin 

2-025 

2-025 

Albumen 

39-420 

89-420 

600- 

500- 

1000- 

Difference  between  Arterial  and  Venous  Blood. — By  arterial  blood  is  meant  that 
■which  is  contained  in  the  aorta  and  its  branches  (systemic  arteries),  the  pulmonary 
veins  and  left  cavities  of  the  heart ;  the  venous  blood  is  that  of  the  veins  generally, 
the  pulmonary  arteries,  and  right  cavities  of  the  heart.  Their  differences,  apart  from 
their  functional  effects  in  the  living  body,  come  under  the  heads  of  colour  and  com- 
position. 

1.  Colour.  Arterial  blood,  as  already  stated,  is  scarlet,  venous  blood  dark,  or 
purple.  Venous  blood  assumes  the  scarlet  colour  on  exposure  to  air,  i.  e.,  to  oxygen. 
This  change  is  greatly  promoted  by  the  saline  matter  of  the  serum,  and  may  be 
accelerated  by  adding  salts  or  sugar  to  blood,  especially  by  carbonate  of  potash,  or  of 
soda,  and  by  nitre.  Salts  added  to  dark  blood,  •without  exposure  to  oxygen  or  air, 
cause  it  to  assume  a  red  colour,  but  not  equal  in  brightness  to  that  of  arterial  blood.  On 
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the  other  hand,  the  addition  of  a  little  water  darkens  the  blood.  According  to  Pro- 
fessor Stokes,  the  corpuscles  in  the  former  case  "  lose  ivater  by  exosmosis,  and  become 
thereby  highly  refractive,  in  consequence  of  which  a  more  copious  reflexion  takes 
place  at  the  common  surface  of  the  corpuscles  and  surrounding  fluid.  In  the  latter 
case  they  gain  water  by  endosmosis,  which  makes  their  refractive  power  more  nearly 
equal  to  that  of  the  fluid  in  which  they  arc  contained,  and  the  reflexion  is  conse- 
quently diminished."*  But  the  presence  of  serum  or  of  saline  matter  is  not  indis- 
pensable to  the  brightening,  for  although  the  clot  when  washed  free  from  serum 
scarcely  if  at  all  reddens  on  exposure  to  oxygen,  yet  it  is  found  that  the  red  matter 
when  squeezed  out  of  the  clot  and  dissolved  in  water,  still  becomes  brighter  and 
clearer  on  exposure  to  oxygen,  whilst  the  colour  is  darkened  (and  the  solution 
becomes  turbid  from  deposition  of  globulin),  on  being  shaken  with  carbonic  acid.  As 
in  this  case  the  colouring  matter  is  extracted  from  the  corpuscles  and  is  reddened  by 
oxygen  without  the  presence  of  salts,  it  is  plain  that  the  difference  of  colour  of  arterial 
and  venous  blood  essentially  depends,  not  on  a  difference  in  the  figure  or  deasity 
of  the  corpuscles,  but  on  an  alteration  produced  in  their  colouring  substance  by 
oxidation  and  deoxidation,  which  alters  its  absorptive  effect  on  the  light. 

2.  Composition.  The  arterial  blood,  so  far  as  is  known,  is  uniform  in  nature 
throughout;  but  in  passing  through  the  capillary  vessels  into  the  veins,  whilst  it 
generally  acquires  the  common  characters  of  venous  blood,  it  undergoes  special 
changes  in  its  passage  through  particular  organs,  so  that  the  blood  of  all  veins  is  not 
alike  in  quality.  Thus  the  blood  of  the  hepatic  veins  differs  from  that  of  the  portal 
vein,  and  both  are  in  various  respects  different  from  what  might  be  regarded  as  the 
common  venous  blood,  which  is  conveyed  by  the  veins  of  the  limbs,  and  of  the 
muscular  and  cutaneous  parts  of  the  body  generally.  Moreover,  Bernard  has  shown 
that  the  blood  of  veins  returning  from  secreting  glands  differs  according  to  the  state 
of  functional  activity  of  the  organs.  Whilst  their  function  is  in  abeyance  the  blood 
in  their  veins  is  dark,  as  usual,  but  when  secretion  is  active,  the  blood,  which  then 
also  flows  much  more  freely  and  abundantly,  comes  through  from  the  arteries  to  the 
veins  with  very  little,  if  any,  reduction  of  its  arterial  brightness ;  it  also  retains 
nearly  the  whole  of  its  separable  oxygen. 

Compared  with  blood  from  a  cutaneous  vein,  arterial  blood  is  found  to  contain  a 
very  little  more  water  (about  five  parts  in  1000),  and  to  have  a  somewhat  lower 
specific  gravity.  The  arterial  plasma  yields  more  fibrin  and  coagulates  more 
quickly ;  the  serum  is  said  by  Lehmann  to  contain  less  albumen  and  less  fat,  but 
more  extractive  and  a  little  more  saline  matter.  According  to  the  same  authority, 
the  corpuscles  also  contain  less  fat,  but  relatively  more  hrematin  and  salts.  Arterial 
blood  yields  more  oxygen  gas,  and  less  of,  both  free  and  combined,  carbonic  acid. 

Blood  of  the  portal  vein,  compared  with  that  of  the  jugular  vein,  is  stated  by 
Lehmann  to  contain  more  water  in  proportion  to  solid  matter,  less  fibrin  and 
albumen,  more  fat,  extractive  matter  and  salts.  Its  corpuscles  are  said  to  be  richer 
in  haematin. 

In  the  blood  of  the  splenic  vein,  as  compared  with  that  of  the  corresponding  artery, 
according  to  the  observations  of  Funke,  the  red  corpuscles  are  smaller,  more 
spheroidal  in  form,  and  more  resistant  to  the  destructive  effects  of  water ;  and  when 
they  run  together  it  is  in  rounded  heaps,  not  in  regular  piles.  Their  cruor  has  a 
marked  tendency  to  form  crj'stals.  The  pale  corpuscles  are  vastly  more  numerous 
than  in  the  arterial  blood,  and  some  of  them  have  a  yellowish  tint  (as  if  in  transition 
to  red  disks).  Granule-cells  occur  occasionally  and  sparingly,  twice  as  large  as  the 
pale  corpuscles,  but  otherwise  resembling  them.  The  plasma  is  distinguished  by  its 
poverty  in  fibrin. 

The  blood  of  the  hepatic  veins  shows,  according  to  Lehmann's  statement,  the 
following  differences  from  that  of  the  portal  vein.  It  is  richer  in  both  red  and  pale 
corpuscles,  possibly  from  loss  of  water.  The  red  corpuscles  present  the  same  pecu- 
liarities of  size,  form,  resistance  to  water,  and  mode  of  aggregation,  as  in  the  splenic 
venous  blood.  They  contain  less  fat  and  salts  than  in  portal  blood,  less  hajmatin,  at 
least  less  iron,  but  somewhat  more  extractive  matter ;  the  proportion  of  pale  cor- 
puscles to  the  red  is  increased.    The  plasma  is  more  concentrated,  but  is  deficient  in 
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fibrin  (or  spontaneously  coagulating  matter),  and  does  not  form  a  true  clot.  The 
serum  contains  less  albumen  and  fat,  and  much  less  saline,  but  more  extractive 
matter  l  he  hepatic  venous  blood,  moreover,  yields  sugar,  derived  from  glycogen, 
formed  in  the  liver.  s,  j    t,  , 

The  blood  of  the  renal  veins  is  said  by  Bernard  and  Brown  Sequard  not  to  coagu- 
late in  the  normal  state  of  the  kidney  and  its  function,  from  wliich  they  infer  that  it 
contains  little  or  no  fibrin ;  but  it  may  be  that  there  is  something  present  which 
prevents  the  two  constituents  of  the  fibrin  from  reacting  on  each  other. 


COAGULATION  OF  THE  BLOOD, 

In  explaining  the  constitution  of  the  plasma,  we  have  been  obliged  so  far 
to  anticipate  the  account  of  the  coagulation  of  the  blood.  The  following  are 
the  phenomena  which  usher  in  and  which  accompany  this  remarkable  change. 
Immediately  after  it  is  drawn,  the  blood  emits  a  sort  of  exhalation,  the 
"  halitua  "  having  a  faint  smell ;  in  about  three  or  four  minutes  a  film 
appears  on  the  surface,  quickly  spreading  from  the  circumference  to  the 
middle  ;  a  minute  or  two  later  the  part  of  the  blood  in  contact  with  the 
inside  of  the  vessel  becomes  solid,  then  speedily  the  whole  mass  ;  so  that, 
in  about  eight  or  nine  minutes  after  being  drawn,  the  blood  is  completely- 
gelatinised.  At  about  fifteen  or  twenty  minutes,  or  it  may  be  much  later, 
the  jelly-like  mass  begins  to  shrink  away  from  the  sides  of  the  vessel,  and 
the  serum  to  exude  from  it.  The  clot  continues  to  contract,  and  the  serum 
to  escape  for  several  hours,  the  rapidity  and  degree  of  the  contraction 
varying  exceedingly  in  difierenfc  cases  ;  and,  if  the  serum  be  poured  ofi", 
more  will  usually  continue  to  di-ain  slowly  from  the  clot  for  two  or  three 
days. 

The  nature  of  the  change  which  takes  place  in  the  coagulation  of  the 
blood  has  been  already  spoken  of  ;  it  is  essentially  owing  to  the  coagulation 
of  the  liquor  sanguinis,  the  fibrin  being  generated  in  that  liquid  by  the  con- 
currence of  its  two  constituents  in  the  way  already  explained,  and  separating 
in  form  of  a  solid  mass,  which  involves  the  corpuscles  but  allows  the  serum 
to  escape  from  it  in  greater  or  less  quantity.  But  although  the  solidiBcation 
of  the  fibrin  and  formation  of  a  red  clot  would  undoubtedly  take  place  inde- 
pendently of  any  mechanical  co-operation  on  the  part  of  the  corpuscles,  still 
it  must  not  be  forgotten  that  the  red  disks  are  not  altogether  indifl'erent 
while  coagulation  goes  on  ;  for  they  run  together  into  rolls,  as  already 
described,  and  the  circumstance  of  their  doing  so  with  greater  or  with  less 
promptitude  materially  affects  the  result  of  the  coagulating  process.  Thus 
there  seems  good  reason  to  believe  that,  as  H.  Nasse  has  pointed  out,  one  of 
the  causes — and  in  inflammatory  blood  probably  the  chief  cause — of  the 
production  of  the  buffy  coat,  is  an  exaltation  of  the  natural  tendency  of  the 
red  disks  to  run  together,  whereby  being  more  promptly  and  more  closely 
aggregated  into  compact  masses,  they  more  speedily  subside  through  the 
liquid  plasma,  leaving  the  upper  part  of  it  colourless  by  the  time  coagulation 
sets  in  ;  and  Mr.  Jones  has  drawn  attention  to  another  influential  circum- 
stance depending  likewise  on  the  corpuscles,  in  inflammatory  blood,  namely, 
the  more  rapid  and  close  contraction  of  the  network,  or  spongework  as  he 
terms  it,  into  which  the  little  rolls  of  corpuscles  unite,  and  the  consequent 
expulsion  of  the  great  part  of  the  liquor  sanguinis  from  its  meshes  before  the 
fibrin  solidifies,  in  which  case  the  mass  of  aggregated  corpuscles  naturally 
tends  to  the  lower  part  of  the  vessel,  whilst  the  expressed  plasma,  being 
lighter,  accumulates  at  the  top.  Of  course  it  is  not  meant  to  deny  that 
more  tardy  coagulation  of  the  plasma  would  produce  the  same  result  as  more 
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speedy  a^^nregation  of  the  corpuscles  ;  it  is  well  know,  indeed,  that  blood 
may  be  made  to  show  a  bully  coat  by  delaying  its  coagulation,  but  buffed 
inflammatory  blood  is  not  necessarily  slow  in  coagulating. 

Circumstances  afectincj  Coagulation.— Vtxriom  causes  accelerate,  retard,  or 
entirely  prevent  the  coagulation  of  the  blood  ;  of  these  it  wiU  here  suffice  to 
indicate  the  more  important  and  best  ascertained. 

1.  Temperature.— Cold  delays,  and  at  or  below  40  degrees  Fahr.  wholly 
suspends,  coagulation  ;  but  even  frozen  blood,  when  thawed  and  heated 
again,  will  coagulate.  Moderate  elevation  of  temperature  above  that  of  the 
body  promotes  coagulation. 

2.  Coagulation  is  accelerated  by  contact  of  the  blood  with  foreign  matter, 
such  as  the  sides  of  the  basin  or  other  vessel  into  which  it  is  drawn.  On 
the  other  hand,  the  maintenance  of  its  fluidity  is  favoured  by  retention 
within  its  vessels  or  natural  receptacles  where  it  is  in  contact  with  the 
natural  tissues  of  the  body  ;  but  when  the  coats  of  the  vessels  or  other 
tissues,  with  which  the  blood  is  contiguous,  lose  their  vitality  and  are 
altered  in  their  properties,  they  become  as  foreign  bodies,  and  coagulation  is 
promoted.  The  usual  exposure  of  drawn  blood  to  the  air  promotes  coagula- 
tion, but  according  to  Lister,  by  no  means  so  powerfully  as  has  been  hereto- 
fore generally  understood.  The  effect  of  other  gases  is  the  same.  Coagulation 
speedily  takes  place  Avhen  blood  is  subjected  to  the  air-pump,  and  has 
therefore  been  said  to  occur  readily  in  vacuo,  but  Lister  finds  that  this  is 
owing  to  the  agitation  caused  by  the  bubbling  of  the  blood  from  the  escape 
of  liberated  gas,  whereby  more  and  more  of  it  is  successively  brought  into 
contact  with  the  sides  of  the  vessel. 

3.  Arrest  of  the  blood's  motion  within  the  body  favours  coagulation, 
probably  by  arresting  those  perpetual  changes  of  material,  both  destructive 
and  reuovative,  to  which  it  is  naturally  subject  in  its  rapid  course  through  the 
system.  The  coagulation  of  the  stagnant  blood  after  death  is  also  largely  to  be 
ascribed  to  the  alteration  then  ensuing  in  the  coats  of  the  containing  vessels. 
Lister  found  that,  after  death,  blood  remains  longer  fluid  in  the  small  veins 
than  in  the  heart  and  great  vessels  ;  and  even  in  these  the  coagulation  is 
usually  slow.  Agitation  of  exposed  blood  accelerates  coagulation  by  in- 
creasing its  exposure  to  foreign  contact. 

4.  Water,  in  a  proportion  not  exceeding  twice  the  bulk  of  the  blood, 
hastens  coagulation  ;  a  larger  quantity  retards  it.  Blood  also  coagulates 
more  speedily  when  the  serum  is  of  low  specific  gravity,  indicative  of  much 
water  in  proportion  to  the  saline  ingredients. 

5.  Almost  every  substance  that  has  been  tried,  except  the  caustic  alkalies, 
when  added  to  the  blood  in  minute  proportion,  hastens  its  coagulation  ; 
although  many  of  the  same  substances,  when  mixed  with  it  in  somewhat 
larger  quantity,  have  an  opposite  effect.  The  salts  of  the  alkalies  and 
earths,  added  in  the  proportion  of  two  or  three  per  cent,  and  upwards,  retard, 
and,  when  above  a  certain  quantity,  suspend  or  prevent  coagulation  ;  but, 
though  the  process  be  thus  suspended,  it  speedily  ensues  on  diluting  the 
mixture  with  water.  Caustic  potash  and  soda  permanently  destroy  the 
coagulability  of  the  blood.  Acids  delay  or  prevent  coagulation.  OpiTim, 
extract  of  bellad  onna,  and  many  other  medicinal  agents  from  the  vegetable 
kingdom,  are  said  to  have  a  similar  effect  when  mixed  with  the  blood  ;  but 
the  statements  of  experimenters  by  no  means  entirely  agree  respecting 
them. 

6.  Certain  states  of  the  system. — Faintness  occasioned  by  loss  of  blood 
favours  coagulation  ;   states  of  excitement  are  said  to  have,  though  not 
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invariably,  the  opposite  effect.  Impeded  aeration  of  the  blood  in  disease, 
or  m  suffocative  modes  of  death,  makes  it  slow  to  coagulate  ;  probably  from 
retention  of  carbonic  acid.  In  cold-blooded  animals,  Avith  slow  circulation 
and  low  respiration,  the  blood  coagulates  less  rapidly  than  in  the  warm- 
blooded :  and,  among  the  latter,  the  tendency  of  the  blood  to  coagulate  is 
strongest  in  birds,  which  have  the  greatest  amount  of  respiration,  and 
highest  temperature. 

7.  Coagulation  commences  earlier,  and  is  sooner  completed,  in  arterial 
than  in  venous  blood.  Dr.  Nasse  finds  that  women's  blood  begins  to 
coagulate  nearly  two  minutes  sooner  than  that  of  the  male  sex. 

In  general,  when  blood  coagulates  quickly,  the  clot  is  more  bulky  and 
less  firm,  and  the  serum  is  less  effectually  expressed  from  it  ;  so  that  causes 
which  affect  the  rapidity  of  coagulation  will  also  occasion  differences  in  the 
proportion  of  the  moist  clot  to  the  exuded  serum. 

There  is  no  suflicient  evidence  of  evolution  of  heat  or  of  disengagement  of 
carbonic  acid  from  blood  during  its  coagulation,  which  some  have  supposed 
to  occur. 


Tlieory  of  Coagulation. — Although  it  is  certain  that  the  coagulation  of  the  blood 
consists  in  solidification  of  fibrin,  and  although  it  seems  tolerably  well  established 
that  this  is  the  result  of  the  combination  of  two  primarily  separate  animal  principles, 
it  is  by  no  means  clearly  understood  how  such  combination  and  solidification  do  not 
naturally  take  place  within  the  living  body,  and  how  the  several  conditions  already 
mentioned  as  influencing  the  process  operate  in  promoting  or  opposing  coagulation. 

According  to  the  explanation  proposed  a  few  years  ago  by  Dr.  B.  W.  Richardson,* 
the  blood  is  kept  liquid  within  the  vessels  by  ammonia,  which  maintains  the  fibrin  in 
solution  (or,  as  it  may  be  now  expressed,  hinders  the  union  of  fibrinogen  and 
globulin),  and  drawn  blood  coagulates  in  consequence  of  the  loss  of  ammonia  which 
escapes  from  it  on  exposure.  Drawn  blood  placed  in  an  atmosphere  of  ammonia 
remains  fluid ;  and,  according  to  Dr.  Richardson,  the  natural  presence  of  ammonia  in 
blood  may  he  demonsti-ated,  as  well  as  its  extrication  from  blood  on  exposure  to  air 
or  in  a  vacuum.  The  more  extensive  and  thorough  the  exposure,  the  more  speedy  is 
the  escape  of  ammonia,  and  the  quicker  is  the  coagulation.  Heat  hastens  coagulation 
by  hastening  the  extrication  of  ammonia,  whilst,  by  retaining  it,  cold  delays  or 
suspends  the  change.  Moreover  Dr.  R.  found  that  air  which  had  become  charged 
with  the  volatile  element  by  passing  through  one  portion  of  blood  delayed  the  coagu- 
lation of  another  portion  through  which  it  was  sent. 

Nothing  could  at  first  sight  appear  more  natural  and  consistent  than  this  explana- 
tion ;  but  of  the  facts  on  which  it  mainly  rests,  some  have  since  been  disputed,  and 
others  differently  interpreted.  Thus  after  a  most  elaborate  research,  a  late  inquirer 
(Thiry)  has  been  unable  to  find  evidence  of  free  ammonia  in  fresh  blood.  Again, 
Lister  finds  that  blood  may  be  poured  from  one  piece  of  a  vein  into  another,  in  a  small 
stream  through  the  air  several  times,  so  as  to  give  ample  opportunity  for  the  escape  of 
ammonia,  and  yet  remain  fluid  for  hours  after.  Lastly,  the  different  effects  of  heat 
and  cold  may  be  ascribed  to  their  influence  in  promoting  or  hindering  the  mutual 
reaction  of  the  two  constituents  of  the  fibrin. 

According  to  another  view,  which  is  fundamentally  the  same  as  that  entertained 
by  John  Hunter  and  some  other  British  physiologists,  and  which  has  recently  been 
advocated  by  Professor  Briicke  of  Vienna,t  the  blood  has  a  natural  tendency  to 
coagulate  ;  or,  if  we  may  use  the  language  suggested  by  later  researches,  the  globulin 
and  fibrinogen  naturally  tend  to  combine ;  within  the  body  this  tendency  is  held  in 
check  by  some  inhibitory  or  restraining  influence  exercised  by  the  coats  of  the 
vessels  and  the  living  tissues  in  contact  with  the  blood  ;  but  when  blood  is  withdrawn 
from  its  natural  receptacles,  or  if  these  lose  their  vitality,  its  intrinsic  disposition  to 

*  The  Cause  of  the  Coagulation  of  the  Blood.  1857. 
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coa<nilate  being  no  longer  opposed,  is  allowed  to  prevail.  At  the  same  time  it  is  not 
inconsistent  with  this  theory  to  admit  the  positive  efficacy  of  contact  with  foreign  or 
dead  matter  in  promoting  coagulation.  Mr.  Lister,*  on  the  other  hand,  considers 
that  the  blood  has  no  spontaneous  tendency  to  coagulate,  either  within  or  without 
the  vessels  but  that  the  coagulation  is  brought  about  in  drawn  blood  by  contact  with 
foreign  matter.  Accepting  the  conclusion  of  Schmidt,  that  globulin  and  fibrinogen 
are  necessary  to  the  evolution  of  fibrin,  he  thinks  that  if  these  bodies  unite  in 
ordinary  chemical  combination,  the  action  of  foreign  matter  may  determine  their 
union,  as  spongy  platinum  promotes  the  combination  of  oxygen  and  hydrogen.  He 
considers  that  the  living  vessels  do  not  exert  any  action  to  prevent  coagulation,  but 
that  their  peculiarity,  as  distinguished  from  an  ordinary  solid,  consists  in  the  remark- 
able circumstance  that  their  lining  membrane,  in  a  state  of  health,  is  wholly  negative 
in  its  relation  to  coagulation,  and  does  not  cause  that  molecular  disturbance,  so  to 
speak,  which  is  produced  in  the  blood  by  all  ordinary  matter.  When  the  vessels  lose 
their  peculiar  property  by  death,  or  become  seriously  altered  by  disease  or  injury, 
their  contact  with  the  blood  induces  coagulation  like  that  of  an  extraneous  body. 
Finally,  it  may  be  obsers'ed,  that  in  any  attempted  explanation  of  the  coagulation  of 
the  blood,  it  is  well  to  bear  in  mind  that  there  is  a  purely  physical  or  chemical 
phenomenon,  which,  as  suggested  by  Mr.  Graham,  has  a  certain  analogy  to  it,  namely, 
the  change  from  the  liquid  to  the  insoluble  state  so  easily  induced  in  colloidal 
matter  by  slight  external  causes. 


THE  LYMPH  .AND  CHYLE. 

A  transparent  and  nearly  colourless  fluid,  named  "  lymph,"  is  conveyed 
into  the  blood  by  a  set  of  vessels  distinct  from  those  of  the  sanguiferous 
.system.  These  vessels,  which  are  named  "lymphatics,"  from  the  nature  of 
their  contents,  and  "absorbents,"  on  account  of  their  reputed  office,  take 
their  rise  in  nearly  all  parts  of  the  body,  and,  after  a  longer  or  shorter 
course,  discharge  themselves  into  the  great  veins  of  the  neck;  the  greater 
number  of  them  previously  joining  into  a  main  trunk,  named  the  thoracic 
duct, — a  long  narrow  vessel  which  rises  up  in  front  of  the  vertebrae,  and 
opens  into  the  veins  on  the  left  side  of  the  neck,  at  the  angle  of  union  of 
the  subclavian  and  internal  jugular  ;  whilst  the  remaining  lymphatics  termi- 
nate in  the  corresponding  veins  of  the  right  side.  The  absorbents  of  the 
small  intestine  carry  an  opaque  white  liquid,  named  "chyle,"  wMch  they 
absorb  from  the  food  as  it  passes  along  the  alimentary  canal  ;  and,  on 
account  of  the  milky  aspect  of  their  contents,  they  have  been  called  the 
"lacteal  vessels."  But  in  thus  distinguishing  these  vessels  by  name,  it 
must  be  remembered,  that  they  differ  from  the  rest  of  the  absorbents  only 
in  the  nature  of  the  matters  which  they  convey  ;  and  that  this  difference 
holds  good  only  while  digestion  is  going  on  ;  for  at  other  times  the  lacteals 
contain  a  clear  fluid,  not  fco  be  distinguished  from  lymph.  The  lacteals 
enter  the  commencement  of  the  thoracic  duct,  and  the  chyle,  mingling  with 
the  lymph  derived  from  the  lower  part  of  the  body,  is  conveyed  along  that 
canal  into  the  blood. 

Glands. — Both  lacteals  and  lymphatics,  in  proceeding  to  their  destination, 
pass  into  and  out  of  certain  small,  solid,  and  vascular  bodies,  named  lym- 
phatic glands,  which  have  a  special  structure  and  internal  arrangement,  as 
will  be  afterwards  described  ;  so  that  both  the  chyle  and  lymph  are  sent 
through  these  glands  before  being  mixed  with  the  blood. 

This  much  having  been  explained  to  render  intelligible  what  follows,  we 

*  On  the  Coagulation  of  the  Blood ;  the  Croonian  Lecture  for  1863,— Proceedings  of  the 
Royal  Society,  vol.  xii.  p.  580. 
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THIi  LYMPH  AND  CJIYLE. 


may  now  consider  the  lymph  and  the  chyle,  which,  as  will  be  seen,  are 
intimately  related  to  the  blood. 

LYMPH. 

The  lymph  may  be  procured  free  from  admixture  of  chyle,  and  in  quan- 
tity sufficient  for  examination,  from  the  larger  lymphatic  vessels  of  the 
horse  or  ass.  It  may  also  be  obtained  by  opening  the  thoracic  duct  of  an 
animal  that  has  fasted  for  some  time  before  being  killed.  It  is  a  thin 
fluid,  transparent  and  colourless,  or  occasionally  of  a  pale  yellow  hue  ; 
its  taste  is  saline,  its  smell  faint  and  scarcely  perceptible,  and  its  reaction 
alkaline.  Sometimes  the  lymph  has  a  decided  red  tint,  of  greater  or  less 
depth,  which  becomes  brighter  on  exposure  to  the  air.  This  redness  is  due 
to  the  presence  of  coloured  corpuscles,  like  those  of  the  blood  :  and  it  has 
been  sometimes  supposed,  that  such  corpuscles  exist  naturally  in  the  lymph, 
in  greater  or  less  quantity  ;  but  they  are  more  probably  introduced  into  the 
lymphatic  vessels  accidentally.  It  can,  in  fact,  be  shown  that  when  an 
incision  is  made  into  a  part,  the  blood  very  readily  enters  the  lymphatics 
which  are  laid  open,  and  passes  along  into  larger  trunks  ;  and  in  this  way 
blood  is  conveyed  into  the  thoracic  duct,  or  any  other  large  vessel,  exposed 
as  usual  by  incision  immediately  after  the  animal  is  killed.  Indeed,  mere 
rough  handling  of  some  organs,  such  as  the  liver  and  spleen,  will  rupture 
the  fine  vessels  and  cause  the  contents  of  the  issuing  lymphatics  speedily  to 
become  red  from  admixture  of  blood. 

The  lymph,  when  examined  with  the  microscope,  is  seen  to  consist  of  a 
clear  liquid,  with  corpuscles  floating  in  it.  These  "lymph  corpuscles,"  or 
lymph  globules,  agree  entirely  in  their  characters  with  the  pale  corpuscles 
of  the  blood,  which  have  been  already  described  (page  xxxi.).  It  is  alleged 
that  some  of  the  lymph  corpuscles  have  a  yellowish  tint.  Occasionally, 
smaller  particles  are  found  in  the  lymph  ;  also,  but  more  rarely,  a  few  oil 
globules  of  various  sizes,  as  well  as  red  blood-corpuscles,  the  presence  of 
which  has  just  been  referred  to. 

The  liquid  part  (lymph-plasma)  bears  a  strong  resemblance  in  its  physical 
and  chemical  constitution  to  the  plasma  of  the  blood  ;  and  accordingly, 
lymph  fresh-drawn  from  the  vessels  coagulates  after  a  few  minutes'  expo- 
sure, and  separates  after  a  time  into  clot  and  serum.  This  change  is  owing 
to  the  combination  of  the  constituents  of  the  fibrin  contained  in  the  lymph- 
plasma,  and  in  this  process  most  of  the  corpuscles  are  entangled  in  the 
coagulum.  The  serum,  like  the  corresponding  part  of  the  blood,  consists 
of  water,  albumen,  extractive  matters,  fatty  matters  in  very  sparing  quan- 
tity, and  salts.  Sugar  exists  in  small  quantity  in  the  lymph,  and  urea,  in 
the  proportion  of  from  0  01  to  0'02  per  cent.;  leucin  has  also  been  found, 
at  least  in  the  lymphatic  glands. 

Human  lymph  has  been  obtained  fresh  from  the  living  body  in  several 
instances,  from  lymphatic  vessels  opened  by  wounds  or  other  causes.  It 
has  been  found  to  agree  in  all  material  points  with  the  lymph  of  quad- 
rupeds. 

CHYLE. 

The  chyle  of  man  and  mammiferous  animals  is  an  opaque,  white  fluid, 
like  milk,  with  a  faint  odour  and  saltish  taste,  slightly  alkaline  or  alto- 
gether neutral  in  its  reaction.  It  has  often  a  decided  red  tint,  especially 
when  taken  from  the  thoracic  duct.    This  colour,  which  is  heightened  by 
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SYSTEMATIC  OE  DESCEIPTIVE  ANATOMY. 


Systematic  or  Descriptive  Anatomy  embraces  the  consideration  of  the 
organs  of  the  body  in  an  order  arranged  according  to  their  nature  and  con- 
nections. It  is  called  Systematic  in  opposition  to  Topographic  or  Demon- 
strative Anatomy,  in  which  the  various  dissimilar  organs  found  in  each 
region  are  described  together,  and  which  is  particularly  adapted  for  the 
study  of  the  relative  position  of  parts. 

The  organs  and  parts  of  the  body  may  be  regarded  from  two  distinct 
points  of  view,  the  Physiological  and  the  MorphologicaL 

Viewed  in  their  physiological  aspect,  they  form  a  series  of  instruments 
fitted  for  the  accomplishment  of  particular  purposes.  Thus,  for  example,  the 
bones  form  levers,  which  are  moved  by  the  muscles  ;  and  the  combinations 
of  these  in  the  hand  are  fitted  for  grasping,  while  those  of  the  foot  are 
adapted  for  walking. 

But  considered  apart  from  the  functions  of  its  organs,  the  human  body, 
as  well  as  all  other  organisms,  exhibits  a  regular  plan  in  its  construction,  to 
investigate  the  nature  of  which  is  the  object  of  Morphological  Anatomy. 
That  plan  cannot  be  competently  examined  except  with  the  aids  furnished 
by  the  study  of  Development  and  Comjjarative  Anatomy.  One  of  the  most 
general  facts  connected  with  the  plan  of  construction  of  the  human  body  is 
its  segmented  nature,  similar  sets  of  parts  being  placed  in  succession,  so  that 
the  line  of  their  series  forms  the  long  axis  of  the  body,  and  parts  found  in 
one  segment  or  member  of  the  series  correspond,  often  very  distinctly,  to 
parts  in  other  segments. 

The  segmented  plan  is  that  on  which  are  constructed  not  only  vertebrate  animals, 
or  all  those  which  are  possessed  of  a  vertebral  column,  but  also  the  higher  invertebrate 
classes.  It  is  most  inanifcstly  displayed  in  the  class  articulata,  in  some  of  which 
nearly  the  whole  body  is  composed  of  a  chain  of  precisely  similar  segments  ;  while  in 
others  the  segments  are  fused  together  in  groups,  so  as  to  form  more  complicated 
structures.  In  the  human  body  the  appearance  of  segmentation  is  seen  most  con- 
spicuously in  the  osseous  system ;  it  likewise  pervades  the  nervous  system,  and  is 
observable  in  some  other  structures.  The  trunk  of  the  body  is  formed  by  a  series 
of  segments,  indistinguishably  blended  together  in  some  of  the  systems,  but  distinct 
in  others;  while  the  liinbs  are  rather  to  be  regarded  as  lateral  outgrowths  connected 
with  a  certain  number  of  segments.  Such  segments  of  the  body  may  be  named 
vertebral  segments,  or,  as  Goodsir  has  suggested,  somatomes;  and  to  distinguish 
sections  of  the  skeleton,  the  nervous,  muscular,  or  other  systems,  the  terms  sclerotome, 
neurotome,  mijotome,  &c.,  proposed  by  the  same  author,  may  sometimes  be  con- 
veniently employed. 
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OSTEOLOGY. 


Correspondence  of  structural  elements  in  different  animals,  or  in  different  segments 
ot  the  same  animal,  constitutes  what  is  now  generally  called  homology.  Thus  the 
wings  of  birds  and  the  forelimbs  of  quadrupeds  are  homologous  with  the  upper  limbs 
of  man,  and  vertebrae  are  homologous  one  with  another.  To  distinguish  the 
correspondence  of  parts  which  lie  in  series  from  that  which  exists  between  struc- 
tures in  different  animals,  Owen  has  suggested  for  the  former  the  term  homotypy, 
and  the  phrase  serial  homology  is  likewise  employed.  Thus  the  bones  of  the  foot 
are  serially  homologous,  or  homotypic,  with  those  of  the  hand. 

To  express  resemblance  of  a  general  nature,  arising  from  similarity  of  function,  the 
terna  analogy  has  been  adopted  by  recent  authors.  While  structures  fundamentally 
similar  are  regarded  as  homologous,  although  the  progress  of  their  development 
and  the  purposes  for  which  they  are  adapted  may  be  different,  organs  adapted  for 
similar  purposes  are  said  to  be  analogous,  however  different  in  their  original 
anatomical  relations  may  be  the  parts  of  which  they  are  composed.  Thus  the  gills, 
being  the  respiratory  organs  of  iishes,  are  analogous  to  the  lungs  of  the  air-breathing 
vertebrata ;  but  they  are  not  homologous  parts. 

Descriptive  Terms.— As  it  is  the  office  of  descriptive  anatomy  to  indicate  with 
precision  not  only  the  form  and  structure,  but  also  the  position  in  relation  to  other 
parts  of  objects  which  are  often  irregular  and  complicated,  it  is  important  that  it 
should  have  a  generally  recognised  system  of  nomenclature:  hence  many  words 
expressive  of  relative  position,  have  acquired  a  restricted  technical  sense  in  which 
they  are  generally  used  by  anatomists.  It  may  be  proper  to  mention  here  the  most 
important  of  those  terms.  The  mesial  plane  is  that  in  which  the  body  might  be 
divided  into  a  right  and  left  lateral  half ;  the  middle  line  being  the  line  before  and. 
behind,  in  which  that  plane  meets  the  sui-face  of  the  body.  Internal  and  external 
denote  relative  nearness  to  and  distance  from  the  mesial  plane  towards  either  side. 
Superficial  and  deep  indicate  distance  from  the  surface ;  and  in  the  expression  of  this 
relation  it  is  well  to  avoid  the  use  of  the  terms  external  and  internal,  inner  and 
outer,  above  and  below,  or  to  employ  them  with  the  utmost  caution,  lest  they  become 
a  source  of  confusion.  .  Nevertheless,  an  exception  to  this  rule  is  still  veiy  generally 
made  in  the  instances  of  some  phrases  which  have  been  long  in  use.  Thus  the 
superficial  and  deep  oblique  muscles  of  the  abdomen  are  commonly  called  external 
and  internal,  and  so  also  with  the  superficial  and  deep  inguinal  rings.  Superior, 
inferior,  above,  below,  anterior,  and  posterior  have  reference  to  the  position  of  parts 
in  the  erect  posture  of  the  body.  As,  however,  the  employment  of  those  terms, 
though  unobjectionable  in  human  anatomy,  is  liable  to  give  rise  to  ambiguity  in 
general  or  comparative  descriptions  of  structure  in  man  and  animals,  it  is  frequently 
preferable  to  substitute  others  which  express  position  by  reference  to  a  region  or 
structure  towards  which  the  part  is  directed.  Thus  ventral  and  dorsal  may  be  often 
employed  instead  of  anterior  and  posterior,  and,  in  the  limbs,  proximal  and  distal 
instead  of  superior  and  inferior.  The  inferior  aspect  of  the  lung  may  be  called 
diaphragmatic,  the  posterior  aspect  of  the  gullet  vertebral,  and.  so  on. 


Section  I.— OSTEOLOGY. 

The  osseous  system  forms  the  skeleton  or  solid  framework  of  the  body. 
It  supports  the  soft  parts,  protects  delicate  organs,  and  furnishes  places  of 
attachment  to  the  muscles,  by  which  the  different  movements  are  executed. 
The  osseous  parts  of  the  skeleton  are  bound  together  by  ligaments  ;  and  in 
some  parts  the  framework  is  completed  by  the  addition  of  cartilages.  A 
natural  skeleton  is  one  in  which  the  connecting  parts  have  been  preserved  ; 
while,  in  an  artificial  skeleton,  the  ligaments  and  cartilages  having  been 
removed  by  complete  maceration,  the  bones  are  united  by  artificial  mechanical 
contrivances,  and  the  cartilages  are  replaced  by  some  other  substance. 

The  number  of  bones  in  the  skeleton  varies  at  different  ages  of  life,  some 
which  are  originally  distinct  becoming  imited  together  as  the  process  of 
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ossification  proceods.  The  following  is  an  enumeration  of  those  usually 
reckoned  as  distinct  in  middle  life  : — 


Single  Pairs  of  „ 
Bones.  Bonos. 


26  26 


6  8  22 


The  spinal  column  consists  of  twenty-four  free  vertebrae, 

the  sacrum,  and  the  coccyx  

The  skull  consists  of  twenty-two  bones  :  of  these  eight  are 

cranial,  viz.,  four  single  bones,  the  occipital,  frontal, 

ethmoid  and  sphenoid ;  and  two  pairs,  the  parietal 

and  temporal.    Fourteen  are  facial,  viz.,  two  single 

bones,  the  vomer  and  inferior  maxillary  bone ;  and 

six  pairs,  the  nasal,  lacrymal,  superior  maxillary, 

malar,  palatal,  and  turbinated  .... 
There  are  twelve  pairs  of  ribs,  a  sternum,  and  a  hyoid  bone      2  12  26 

The  superior  extremities  consist  each  of  a  clavicle  and 

scapula,  humerus,  radius,  ulna,  eight  carpal  bones, 

five  metacarpal,  and  fom-teen  digital       ...  32  64 

The  inferior  extremities  consist  each  of  a  pelvic  bone, 
femur,  patella,  tibia,  fibula,  seven  tarsal  bones,  five 

metatarsal,  and  fourteen  digital      ....  31  62 

34  83  200 

Besides  the  bones  above  enumerated,  there  exist,  likewise,  three  pairs  of  auditoi-y 
ossicles,  and,  in  addition  to  the  patella,  various  smaller  bones  called  sesamoid.  The 
auditory  ossicles,  though  enclosed  within  the  temporal  bones,  may  be  considered  as 
belonging  to  the  skeleton.  The  sesamoid  bones  are  only  accessories  to  the  tendons  in 
which  they  are  developed. 

Fig.  1. — First  Dorsal  Vertebra,  First  Eib  '  Fig.  1. 

AND  Cartilage,  and  Upper  Part  of  the 
Sternum,  seen  from  Above,  giving  a  view  of 
A  Segment  of  the  Vertebrate  Skeleton,  g 

C,  body  or  centre  ;  N,  vertebral  ring  or  neural 
arcb  ;  V,  cavity  of  the  chest  enclosed  by  the 
ribs  or  visceral  arch. 


The  segments  of  the  skeleton  are  so 
disposed  as  to  surround  or  partially  en- 
close two  cavities  of  iinequal  size — the 
neural  and  visceral.  The  neural  cavity, 
comprehending  the  cranium  and  vertebral 
canal,  is  of  great  width  in  the  head,  and 
comparatively  small  in  the  rest  of  its 
length :  it  is  nearly  completely  bounded 

by  bony  walls  in  its  whole  extent.  The  visceral  cavity,  placed  in  front  of 
the  vertebral  column  throughout  its  length,  is  only  imperfectly  represented 
in  the  head  by  spaces  enclosed  by  the  bones  of  the  face  :  its  walls,  Avhich 
are  very  incomplete,  are  most  perfect  in  the  thorax  and  pelvis,  and  leave 
large  open  spaces  in  the  regions  of  the  neck  and  abdomen.  In  these  several 
regions,  the  relative  position  of  the  walls  of  the  neural  and  visceral  cavities 
and  of  their  contained  vLscera  remains  the  same. 

1.— THE  VERTEBRAL  COLUMN. 

The  vertebral  column  may  be  considered  as  the  foundation  of  the  whole 
skeleton,  not  only  because  it  exists  in  all  animals  which  possess  an  osseous 
system,  but  because  it  is  the  centre  round  which  the  other  parts  are  developed 
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*  VERTEBRAL  COLUMN. 

and  arranged.  Superiorly,  it  supports  the  skull ;  laterally,  the  ribs  are 
attached  to  it,  through  which  it  receives  the  weight  of  the  upper  Umbs;  aud 
near  its  inferior  extremity  it  rests  upon  the  pelvic  bones,  which  communicate 
the  weight  of  the  body  to  the  lower  limbs.  Besides  being  a  pillar  of  support 
to  the  rest  of  the  skeleton,  it  furnishes  protection  to  the  spinal  cord  by 
enclosing  it  in  an  osseous  canal.  It  is  composed  of  a  series  of  bones,  called 
vertebrae,  the  most  of  which  are  united  together  by  joints  and  elastic  sub- 
stance, and  a  few  by  bony  connection,  in  such  a  manner  that,  although  the 
amount  of  motion  allowed  between  each  pair  is  slight,  the  aggregate  of  that 
in  the  whole  is  sufficient  to  give  the  column  very  considerable  flexibility. 

The  twenty-four  upper  vertebrse  remain  separate  in  the  adult,  and  retain 
their  mobility  :  they  increase  in  size  from  above  downwards.  They  are  suc- 
ceeded by  five  others,  which  rapidly  diminish  in  size  from  above  downwards, 
and  which  are  united  into  one  mass,  called  the  sacrum  ;  beyond  the  sacrum 
are  four  dwindled  terminal  members  of  the  series,  which  as  age  advances 
become  likewise  united,  and  form  the  coccyx.  Thus  the  column  may  be  said 
to  consist  of  two  irregular  pyramids,  the  common  base  of  which  is  at  the 
superior  extremity  of  the  sacrum. 

THE  MOVEABLE  VERTEBRA. 

GENERAL  CHARACTEKS. 

The  general  characters  of  the  vertebrae  are  best  exhibited  in  those  which 
are  placed  near  the  middle  of  the  column.  Those  at  the  extremities  present 
a  greater  number  of  distinctive  peculiarities.  The  following  description  is 
applicable  to  the  great  majority  of  moveable  vertebrae. 

Each  vertebra  has  more  or  less  the  form  of  a  ring,  and  presents  for  con- 
sideration a  body,  arch,  and  processes. 

The  body,  the  large  mass  in  the  anterior  part  of  the  vertebra,  is  a  short 
cylinder,  which,  when  united  by  elastic  intervertebral  plates  with  the  others 
of  the  series,  contributes  to  form  a  firm  but  flexible  pillar  of  support. 
Anteriorly,  it  is  rounded  forwards,  and  slightly  hollowed  from  above  down- 
wards. Posteriorly, -it  forms  part  of  the  ring,  and  is  slightly  hollowed  from 
side  to  side.  Its  superior  and  inferior  surfaces  are  nearly  flat,  excepting  in 
the  cervical  region,  and  give  attachment  to  the  intervertebral  plates.  The 
vertical  surfaces  are  pierced  by  numerous  foramina  for  blood-vessels,  princi- 
pally veins  :  one  or  more  of  these,  situated  near  the  middle  of  the  posterior 
surface  exceeds  the  other  greatly  in  size. 

The  arch  consists  of  two  symmetrical  halves  which  spring  from  the  body, 
towards  its  back  part,  and  meet  in  the  middle  line  behind.  The  anterior 
part  of  each  lateral  half,  rounded  and  narrow,  is  called  the  pedicle;  the 
posterior  part  is  broad  and  flat,  and  is  called  the  lamina  or  plate. 

The  spinous  process  or  spine  projects  backwards  from  the  arch  in  the 
middle  line.  The  appearance  presented  by  the  linear  series  of  spinous  pro- 
cesses has  led  to  the  application  of  the  name  spine  to  the  whole  column. 
The  transverse  processes,  placed  one  at  each  side,  project  outwards  from  the 
arch.  The  articulating  processes,  two  superior  and  two  inferior,  project 
upwards  and  downwards  from  the  laminae.  They  are  furnished  with  articular 
surfaces,  coated  Avith  cartilage,  which  in  the  superior  processes  look  back- 
wards, and  in  the  inferior  look  forwards,  so  that  the  former  face  the  latter 
in  adjoining  vertebrte. 

Tlie  concavities  on  the  upper  and  lower  borders  of  the  pedicles  are  named 
notches,  and  constitute  by  the  apposition  of  those  of  contiguous  vertebrae  the 
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intervertebral  foramina,  a  series  of  rounded  apertures  which  communicate 
with  the  vertebral  canal,  and  transmit  the  spinal  nerves  and  blood-vessels. 

The  foramen,  enclosed  by  the  vertebral  ring,  is  bounded  anteriorly  by  the 
body,  and  posteriorly  and  laterally  by  the  arch.  The  series  of  rings  united 
by  ligaments  constitutes  the  vertebral  canal,  in  which  the  spinal  cord  is 
contained. 

Texture. — The  bodies  of  the  vertebrae  are  almost  entirely  composed  of 
spongy  substance,  the  surfiice  being  covered  with  only  a  thin  layer  of  compact 
tissue.  Venous  canals,  commencing  at  the  larger  foramina  behind,  traverse 
the  cancellated  structure.  The  arch  and  processes  contain  a  much  smaller 
proportion  of  spongy  substance,  being  covered  with  compact  tissue  of  con- 
siderable density  in  some  places. 

OHAEACTERS  PECULIAR  TO  GROUPS  OF  VERTEBRA. 

The  moveable  vertebrae  are  divided  into  three  groups,  named  from  the 
regions  which  they  occupy,  cervical,  dorsal,  and  lumbar. 

Each  of  those  groups  is  marked  by  distinctive  characters.  The  central 
vertebroB  of  each  group  differ  so  much  in  all  their  parts  from  those  of 
other  groups,  that  any  portion,  such  as  the  body,  ring,  or  one  of  the  pro- 
cesses, is  alone  sufficient  to  indicate  to  which  they  belong.  On  the  other 
hand,  the  vertebrfe  at  the  extremities  of  each  group  are  assimilated  in  their 
characters  to  those  of  the  neighbouring  group. 

In  the  following  description  the  characteristics  of  each  group,  as  existing 
in  its  central  members,  will  first  be  given,  and  then  the  slighter  differences 
of  other  members  will  be  stated. 

DORSAL  VERTEBRiE. 

The  dorsal  vertebrae,  twelve  in  numbei',  support  the  ribs.  They  are  the 
simplest  in  form,  and  ought  to  be  the  first  to  engage  the  attention  of  the 
student.  Their  position  is  between  the  cervical  and  lumbar  groups,  and 
they  are  also  of  intermediate  size. 

Fig.  2, — The  Sixth  Dorsal  Vertebra.  ^ 

A,  viewed  from  above;  B,  viewed  from  the 
right  side.  1,  the  body ;  2,  the  pedicle ;  3,  the 
lamina;  4,  vertebral  ring,  nearly  circular;  5, 
spinous  process ;  6,  transverse  process ;  7,  7', 
superior  and  inferior  articulating  processes ;  c,  c', 
superior  and  inferior  facets  on  the  body  for  the 
articalation  of  the  head  of  the  rib  ;  d,  facet  on 
the  transverse  process  for  the  articulation  of  the 
tubercle  of  the  rib. 

The  body  is  somewhat  narrower  in  front 
than  behind  :  its  antero-postorior  and  trans- 
verse diameters  are  nearly  equal,  and  it 
is  somewhat  heart-shaped,  as  seen  from 
above  or  below.  It  is  specially  characterized 
by  the  presence,  at  the  place  where  it  joins 
the  arch,  of  depressed  articular  surfaces  for 
the  heads  of  ribs.  In  the  greater  number 
of  instances,  there  are  two  costal  surfaces 
on  each  side, — one  on  the  superior,  the 
other  on  the  inferior  border, — so  placed 
that  each  completes  with  that  of  the  adja- 
cent vertebra  a  cavity  for  the  head  of  one 
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rib.  The  body  of  the  first  dorsal  vertebra  is,  however,  distiuguished  by  having 
on  each  side  a  complete  articular  surface  for  the  head  of  the  first  rib,  besides 
a  smaller  surface  on  the  lower  border  for  one  facet  of  the  second  rib :  the 
costal  surface  on  the  tenth  vertebra  is  usually  complete  for  the  tenth  rib  ; 
and  ou  the  eleventh  and  twelfth  there  is  only  one  articular  surface  on  each 
side  for  the  corresponding  ribs. 

The  laminoi,  shorter  and  deeper  than  in  the  cervical  vertebrae,  are  imbri- 
cated or  sloped  one  pair  over  another  like  tiles  on  a  roof.  The  pedicles  are 
nearly  on  a  level  superiorly  with  the  upper  surface  of  the  body  ;  and  hence 
the  superior  notches  are  very  shallow,  while  the  inferior  notches  are  com- 
l^aratively  deep. 

The  spinous  process,  described  as  bayonet-shaped,  is  three-sided,  elongated, 
and  sloped,  and  terminates  in  a  slight  tubercle.  It  is  longest  and  has  the 
greatest  downward  inclination  in  those  towards  the  centre  of  the  series; 
and  in  them  the  terminal  tubercles  are  slender,  whUe  those  of  the  upper 
and  lower  vertebrae  are  thickened. 

The  transverse  processes  are  directed  outwards  and  backwards,  and  present 
in  front  of  the  extremity,  which  is  enlarged  into  a  rough  tubercle,  a  smaU 
surface  for  articulation  with  the  tubercle  of  the  rib.  There  is,  however,  no 
such  surface  in  the  case  of  the  eleventh  or  twelfth  dorsal  vertebrae.  In 
several  of  the  lowest  dorsal  vertebrae  there  may  readily  be  recognized  on  the 
extremity  of  the  transverse  process,  when  looked  at  from  behind,  three 
tubercular  elevations,  varying  somewhat  in  form  and  size,  and  which  are 
named  the  external,  internal,  and  inferior  tubercles  of  the  transverse  pro- 
cess. In  the  twelfth  vertebra,  in  which  the  transverse  process  is  extremely 
short,  those  three  tubercles  are  most  fully  developed.  They  correspond 
respectively  to  the  transverse,  mammillary,  and  accessory  tubercles  after- 
wards noticed  in  the  lumbar  vertebrae.     (See  Fig.  4,  e,  f,  6.) 

The  articulati7ii/  processes  have  their  cartilaginous  siirfaces  nearly  verti- 
cal. Those  of  the  superior  processes  look  backwards  and  slightly  upwards 
and  outwards,  those  of  the  inferior  processes  look  forwards  and  slightly 
downwards  and  inwards.  But  the  superior  articular  processes  of  the  first 
dorsal  vertebra  are  similar  to  those  of  the  cervical,  and  the  inferior  of  the 
twelfth  dorsal  to  those  of  the  lumbar  vertebrae. 

The  ting  is  nearly  circular,  and  is  smaller  than  in  the  cervical  or  lumbar 
region. 

LUMBAR  VERTEBRA. 

The  lumbar  vertebraj  are  five  in  number.  They  are  distinguished  by 
their  great  size  and  the  absence  of  costal  articulating  surfaces. 

The  body  has  a  greater  diameter  transversely  than  from  before  back- 
wards, and  viewed  from  above  or  below  its  surface  presents  a  reniform 
outline.  That  of  the  fifth  lumbar  vertebra  has  the  distinctive  character  of 
being  considerably  deeper  at  its  anterior  than  at  its  posterior  margin. 

The  laminoB  are  shorter,  deeper,  and  thicker  than  those  of  the  dorsal 
vertebrae.  The  superior  notches  are  shallow,  the  inferior  deep,  as  in  the 
dorsal  vertebrae. 

The  spinous  process,  projecting  horizontally  backwards,  is  shaped  like  the 
blade  of  an  axe,  but  is  thickened  and  rough  along  the  edge  which  forms 
its  extremity. 

The  transverse  processes,  long  and  compressed,  with  a  superior  and  infe- 
rior thin  margin,  project  directly  outwards.  Their  extremities  lie  in  series 
with  the  external  tubercles  of  the  lower  dorsal  transverse  processes  and 
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with  the  ribs.    Behind  each,  at  its  base,  is  a  small  process  poiutiiig  down- 
wards, which  corresponds  with  the  inferior  tubercles  of  the  dorsal  transverse 
processes,  and  is  also  called  the  acces- 
sor 1/ process.   The  transverse  processes  P'S-  ^• 
of  the  tifth  lumbar  vertebra  are  shorter 
and  thicker  than  those  above,  and  ai-e 
usually  slanted  a  little  upwards. 

Fig.  3. — Third  Lumbar  A'^ertebra.  4 

A,  from  above;  B,  from  the  right  side. 
1,  the  body  ;  2,  the  pedicle  and  inter- 
vertebral notch;  3,  the  lamina;  4,  the 
vertebral  ring,  somewhat  triangular ;  6, 
the  spinous  process  ;  6,  transverse  process ; 
7,  7',  superior  and  inferior  articulatiug 
processes ;  e,  the  mammillary  tubercle,  ap- 
parently on  the  superior  articulating  pro- 
cess ;  /,  the  accessory  tubercle,  between 
the  articulating  and  transverse  processes. 

The  artimlating  processes  are  thick 
and  strong.  Their  articular  surfaces 
are  placed  vertically  and  curved  so 
as  to  lie  in  the  arc  of  a  circle.  Those 
of  the  superior  pair,  concave,  look 
backwards  and  inwards  ;  those  of  the 
inferior,  convex,  look  forwards  and 
outwards.  The  superior  pair  are  fur- 
ther apart  than  the  inferior,  and  em- 
brace the  inferior  pair  of  the  vertebra  aliove  them.  From  each  superior 
articular  process  a  tubercle  projects  backwards,  which  corresponds  with 
the  internal  tubercles  of  the  dorsal 

transverse  processes,    and  is   also  Pig-  ^■ 

called  the  mammillary  process. 

The  ring  is  large  and  triangular, 
or  widely  lozenge-shaped. 

Fig.  4. — Two  Lower  Dorsal  amd  two 
Upper  Lumbar  Yertebr^.  | 

with  portions  of  the  eleventh  and  twelfth 
ribs  of  the  right  side :  viewed  from  behind, 
chiefly  to  show  the  relations  of  the  trans- 
vei-se  processes  and  adjacent  tubercles. 
1,  body  of  the  eleventh  dorsal  vertebra  ; 

5,  spinous  process  of  the  second  lumbar  ; 

6,  the  tratisverse  process ;  7,  7',  superior 
and  inferior  articulating  processes ;  e, 
mammillary,  and  /,  accessory  tubercle. 
These  indications  are  placed  only  on  the 
alternate  vertebrae  to  avoid  crowding  the 
figure. 

CEEVICAL  VERTEBRA. 

The  cervical  vertebrse  are  seven 
in  number.  The  first  and  second 
are  so  peculiar  in  form  that  they 
require  a  separate  description.  The 
following  characters  belong  to  the  five  lower  vertebrse  : — 

The  body  is  small,  and  broader  from  side  to  side  than  from  before  back- 
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wards.  Its  superior  surface  is  rendered  transversely  concave  by  the  upward 
projection  of  its  lateral  margins,  and  is  sloped  down  anteriorly.  The  under 
surface,  on  the  contrary,  is  rounded  off  at  the  sides,  while  its  anterior  margin 
forms  a  marked  projection  downwards. 

The  lamince  are  remarkable  for  their  length  and  flatness.  The  superior 
notches  are  deeper  than  the  inferior. 

The  spinous  jfjrocess  is  short,  projects  horizontally  backwards,  or  is  only 
slightly  depressed,  and  is  bifid  at  its  extremity.  That  of  the  seventh, 
however,  terminates  in  a  tubercle,  and  is  so  long  as  to  be  readily  felt  below 
the  skin,  while  the  others  lie  more  deeply,  and  are  covered  with  miiscles  : 
hence  the  name  vertebra  jorominens,  appUed  to  the  seventh. 

The  transverse  processes  are  short,  and  bifid  at  the  extremity.  They  pre- 
sent a  deep  groove  superiorly,  in  which  the  spinal  nerves  lie  ;  and  at  the 
base  are  perforated  vertically  by  a  round  foramen  of  considerable  size.  They 
have  two  roots  or  points  of  connection  with  the  vertebra,  one  in  front  and 
one  behind  the  foramen.  The  posterior  root  springs  from  the  place  of 
junction  of  the  pedicle  and  lamina,  and  in  so  far  corresponds  with  the 
dorsal  transverse  processes  ;  the  anterior  root  is  attached  to  the  body  of  the 
vertebra  and  ranges  in  the  same  line  with  the  ribs.  The  foramen  corresponds 
with  the  space  left  between  the  root  of  a  dorsal  transverse  process  and  the 
neck  of  the  attached  rib  :  it  gives  passage  usually  in  the  upper  six  ver- 
tebrae to  the  vertebral  artery  and  vein,  but  in  the  seventh,  though  the 
foramen  likewise  exists,  those  vessels  rarely  pass  through  it.  The  trans- 
verse process  of  the  seventh  cervical  vertebra 
Fig.  5.  presents  only  a  slight  appearance  of  a  groove  on 

its  upper  surface,  and  is  widened  rather  than 
bifid  at  its  extremity. 

Fig.  5. — Third  Ckevioal  Vertebra.  | 

A,  from  above  and  slightly  from  behind  ;  B,  from 
the  side.  1,  the  body ;  2  (omitted),  the  pedicle  and 
inter- vertebral  notch  ;  3,  lamina ;  4,  vertebral  ring,  of  a 
triangnlar  form  ;  5,  bifid  spinous  process ;  6,  C*,  trans- 
verse process — 6,  posterior,  6*,  anterior  tubercle;  a, 
foramen  in  the  root  of  the  transverse  process  trans- 
mitting the  vertebral  artery  ;  7,  7',  articulating  processes 
— 7,  the  superior,  7',  the  inferior. 

B     /^„i,i0^^.  ^  The  articulating  processes  are  large  and  flat. 

Their  articular  surfaces  are  situated  obliquely, 
the  superior  pair  looking  backwards,  upwards, 
and  in  most  of  them  slightly  inwards ;  the 
inferior  pair  forwards,  downwards,  and  in  most  of  them  slightly  outwards. 
The  portion  of  bone  between  the  superior  and  inferior  articular  surface 
on  each  side  forms  a  short  vertical  pillar. 

The  ring  is  of  a  triangular  form,  and  larger  than  in  either  the  dorsal  or 
lumbar  vertebrae. 

THE  FIRST  AND  SECOND  CERVICAL  VBRTEBRiE. 

The  First  Vertebra,  or  Atlas,  so  called  from  supporting  the  head,  is 
remarkable  for  the  smallness  of  the  parts  occupying  the  position  of  the 
body  and  spinous  process. 

The  ring,  which  is  large  from  before  backwards,  is  wider  m  the  posterior 
than  the  anterior  part  of  its  extent.    The  wide  posterior  part  corresponds  to 
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the  rings  of  the  succeeding  vortebrJB  ;  the  narrower  anterior  part  is  occu- 
pied by  the  odontoid  process  of  the  axis,  and  in  the  recent  state  is  separated 


Pig.  6. — The  Atlas  Vertbbr4,  jrom  above,  i 

1,  the  anterior  arch,  with  a  tubercle  in 
front ;  4,  the  posterior  part  of  the  ring,  with 
5,  an  indication  of  a  spinous  tubercle  ;  4', 
the  anterior  part  of  the  ring,  containing  the 
odontoid  process,  and  indicating  in  front  of  4' 
the  smooth  surface  on  which  the  process  moves 
in  rotation  ;  6,  the  transverse  process  with  a 
slight  indication  of  division  into  two  tubercles  ; 
7,  the  condyloid  articulating  process  ;  +  inside 
it  indicates  the  rounded  tubercle  to  which  the 
transverse  ligament  is  attached  ;  a,  the  foramen 
in  the  transverse  process  ;  b,  the  groove  on  the 
posterior  arch  for  the  vertebral  artery. 


Fig.  6. 
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from  the  posterior  by  the  transverse  ligament  of  the  atlas.  In  front  of  the 
ring  is  the  antenor  arch,  sometimes  called  the  body,  from  which  projects 
forwards  the  anterior  tubercle,  while  its  posterior  aspect  presents  an  arti- 
cular siu:face  which  glides  in  rotation  of  the  head  upon  the  odontoid  process 
of  the  axis.  At  the  sides  of  the  ring  are  the  lateral  masses — two  stout 
portions  of  bone  which  receive  the  weight  of  the  head,  and  present  large 
articular  surfaces  on  their  superior  and  inferior  aspects.  They  are  situated 
in  front  of  the  places  of  exit  of  the  nerves,  and  in  this  and  other  respects 
differ  from  the  articular  processes  of  the  five  lower  cervical  vertebrae.  The 
superior  articular  surfaces,  which  receive  the  condyles  of  the  occipital  bone, 
are  of  oval  form,  converging  in  front,  concave  from  before  backwards,  and 
looking  inwards  as  well  as  upwards.  At  the  internal  margin  of  each  is  a 
rounded  smooth  tubercle  with  a  rough  depression,  which  gives  attachment 
to  the  transverse  ligament.  The  inferior  articular  surfaces  are  smaller  than 
the  superior  pair,  flat,  nearly  circular,  looking  downwards  and  inclined  a 
little  inwards. 

The  lamincB  unite  behind  to  form  a  posterior  tubercle,  the  rudiment  of  a 
spinous  process.  They  are  thick  and  round  in  the  greater  part  of  their 
extent,  but  at  their  junction  with  the  lateral  masses  they  are  flattened 
by  a  smooth  transverse  groove  on  the  upper  border  of  each,  marking  the 
course  of  the  vertebral  artery  as  it  passes  inwards  from  the  foramen  of 
the  transverse  process  before  entering  the  cranium.  This  groove  is  some- 
times converted  into  a  foramen  by  a  small  arch  of  bone.  It  transmits  the 
sub-occipital  nerve  as  well  as  the  vertebral  artery,  and  corresponds  with  the 
notches  of  the  other  vertebrae. 

The  t/)-ansoerse  'processes  project  considerably  further  outwards  on  each 
side  than  those  of  the  vertebrae  immediately  following  ;  they  are  flattened 
from  above  downwards  and  somewhat  rough,  they  are  rounded  at  the  ex- 
tremity, and  at  the  root  of  each  is  the  foramen  which  transmits  the  vertebral 
artery. 

The  Second  Vertebra,  Vertebra  dentata,  or  Axis,  forms  a  pivot  on  which 
the  head  with  the  first  vertebra  rotates. 

The  body  is  surmounted  superiorly  by  the  odontoid  process,  and  is  some- 
what narrowed  and  prolonged  below  to  fit  into  the  depression  of  the  body 
of  the  third  vertebra.  In  front  it  presents  a  low  vertical  ridgo,  with  a 
depression  on  each  side,  to  which  the  upper  part  of  tlie  lougus  colli  muscle 
is  attached.    The  odontoid  process  (p.  deutatus)  consists  of  an  enlarged 
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extremity  termed  the  head,  and  a  narrower  lower  part  or  neck.  It  presents 
ui  iront  a  smootli  surface  for  articulation  with  the  atlas,  and  behind,  a 
smootn  groove  to  receive  the  transverse  Ugament  of  the  atlas.    The  study 

'      Fig.  7. 

Fig.  7.— The  Axis  Vertebra,  i 
A,  seen  from  above  and  behind  ;  B,  seen  from  the 
right  side.  1,  the  body;  4,  the  vertebral  ring 
or  foramen  ;  5,  the  spinous  process,  bifid  and  very 
large  ;  6,  the  transverse  process ;  7,  the  superior 
articulating  process;  7',  the  inferior  oblique  articu- 
lating process  ;  1*  in  A,  is  placed  at  the  side  of  the 
odontoid  process ;  in  B,  in  front  of  it,  marking  the 
smooth  surface  of  articulation  with  the  anterior  arch 
of  the  atlas. 

of  development  appears  to  show  that  the 
odontoid  process  is  in  reality  the  body  of 
the  atlas  anomalously  connected  with  the 
vertebra  dentata.  The  superior  articular 
surfaces,  placed,  like  those  of  the  atlas,  in 
front  of  the  intervertebral  groove,  lie  on  the 
sides  of  the  base  of  the  odontoid  process, 
partly  on  the  body  and  partly  on  the  arch  of 
the  vertebra.  These  surfaces  look  upwards 
and  slightly  outwards,  and  are  of  considerable 
size  ;  they  receive  the  weight  of  the  head  transmitted  through  the  lateral 
masses  of  the  atlas.  The  inferior  articulating  processes,  separated  by  a  notch 
from  the  body,  are  similar  in  form  and  position  to  those  of  the  succeeding 
vertebrse. 

The  spinous  process  is  very  large,  rough,  and  deeply  bifid,  affording 
attachment  to  several  muscles,  and  is  grooved  on  its  inferior  surface.  The 
plates  which  support  it  are  of  proportionate  size  and  strength. 

The  transverse  jjrocesses  are  short,  and  are  scarcely  grooved  or  bifurcated. 
The  foramen  at  the  root  of  each  is  inclined  obhquely  downwards  and 
inwards. 


THE  FIXED  OR  UNITED  VERTEBEiE. 

THE  SACRUM. 

The  sacrum  (os  sacrum)  is  placed  below  the  last  lumbar  vertebra,  above 
the  coccyx,  and  between  the  ossa  innominata,  and  forms  the  upper  and 
back  part  of  the  pelvis.  It  consists  in  early  life  of  five  vertebrae,  which 
in  the  adult  are  united  into  one  bone.  The  first  of  the  five  is  the  largest 
vertebra  in  the  column  ;  those  which  foUow  become  rapidly  smaller,  and 
the  fifth  is  rudimentary.  Hence  the  sacmm  is  massive  above  and  slender 
below,  and  is  triangular  in  general  form,  with  its  base  directed  upwards. 
It  is  concave  and  smooth  in  front,  convex  and  uneven  behind.  The 
direction  of  its  surfaces  is  very  obHque,  its  pelvic  aspect  looking  downwards 
and  forwards,  and  forming  at  the  place  where  it  meets  with  the  last  lumbar 
vertebra  the  projection  termed  promontory.  It  presents  for  consideration 
a  pelvic,  a  dorsal,  and  two  lateral  surfaces,  a  base  and  an  apex,  together 
with  the  sacral  portion  of  the  spinal  canal. 

The  pelvic  surface  is  concave  from  above  downwards,  and  slightly  so  from 
side  to  side.    It  is  marked  across  the  middle  by  four  transverse  lines  or 
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ridtres,  which  indicate  the  places  of  union  of  the  bodies  of  the  five  vertebrae ; 
and  at  the  extremities  of  these  ridges  are  situated  on  each  side  four  fora- 
mina called  anterior  sacral,  which  transmit 
the  anterior  divisions  of  the  sacral  nerves.  Fig.  8. 

These  foramina  are  sloped  externally  into 
grooves,  and  diminish  gradually  in  size  from 
above  downwards. 

Fig.  8. — Saorom  of  the  Male,  viewed  from 

BEFOllE.  ^ 

1,  1,  four  transverse  ridges,  indicating  the  place  of 
original  separation  of  the  bodies  of  the  five  sacral 
vertebra ;  2,  anterior  sacral  fonnina  ;  3,  4,  lateral 
surface  ;  5,  a  notch  which,  with  the  coccyx,  forms  a 
passage  for  the  fifth  sacral  nerve  ;  6,  oval  surface  of 
the  upper  part  of  the  sacrum  for  articulation  with 
the  body  of  the  last  lumbar  vertebra  ;  7,  superior 
articular  processes  ;  8,  inferior  oval  surface  for  arti- 
culation with  the  coccyx. 

The  dorsal  surface  is  convex,  very  uneven,  and  somewhat  narrower  than 
the  pelvic  surface.  It  presents  along  the  median  line  four  small  eminences, 
the  spinous  processes,  usually  more  or  less  connected,  so  as  to  form  a  ridge. 
Below  the  last  spinous  process  is  a  triangular  opening,  the  termination  of 
the  spinal  canal,  the  lateral  margins  of  which  are  formed  by  the  imperfect 
laminae  of  the  fifth  sacral  vertebra,  and  present  a  pair  of  tubercles,  the 
sacral  cornua,  which  project  downwards,  and  articulate  with  the  cornua  or 
horns  of  the  coccyx.  On  each  side  of  the  ridge  of  spines  the  sui'face  is 
smooth  and  hollowed  in  the  position  of  the  united  laminae,  and  beyond  this 
surface  are  two  rows  of  eminences,  the  inner  of  which  corresponds  with  the 
articular  and  mammillary  processes  of  the  lumbar  vertebrae,  while  the  outer 
ranges  with  the  transverse  processes.  In  the  groove  between  the  two  rows 
are  placed  the  four  posterior  sacral  foramina,  which  are  smaller  than  the 
anterior,  and  transmit  the  posterior  divisions  of  the  sacral  nerves. 

The  lateral  aspect  or  border  presents  anteriorly  a  large  uneven  surface, 
covered  in  the  recent  state  with  cartilage,  which  articulates  with  the  ilium, 
and  is  called  from  its  shape  the  auricular  surface  :  behind  this  it  is  rough 
and  very  uneven  for  the  attachment  of  the  posterior  sacro-iliac  ligaments. 
Lower  down,  the  margin  of  the  sacrum  is  thin  and  sinuous,  giving  attach- 
ment to  the  sacro-sciatic  ligaments,  and  tei'minates  in  the  inferior  lateral 
angle ;  below  which  the  breadth  of  the  bone  is  suddenly  contracted,  so 
that  with  the  adjacent  part  of  the  coccyx  a  notch  is  formed  for  the  trans- 
mission of  the  fifth  sacral  nerve. 

Fig.  9. — Upper  Surface  or  Bash  of  the 
Sacrum  of  a  Male,  to  compare  with  Fig.  3, 
A,  of  the  Lumbar  Vertebra,  g 

1,  the  body  ;  4,  the  foramen,  ring,  or  sacral 
canal  ;  5,  the  spinous  process  of  the  first  sacral 
vertebra  ;  6,  the  part  corresponding  to  a  ti-ans- 
verse  process,  in  front  of  which  is  the  large 
lateral  mass  ;  7,  the  superior  articulating  pro- 
cess; 7',  the  inferior  articulating  process;  c, 
the  mammillary  tubercle ;  /,  the  accessory 
tubercle,  slightly  seen. 

The  base,  looking  upwards  and  forwards,  presents  in  the  middl 
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surface  whicli  articulates  witli  the  body  of  tlie  last  lumbar  vertebra,  and 
behind  this,  a  triangular  aperture,  which  leads  into  the  sacral  canal,  and 
IS  bounded  behind  by  the  sharp  depressed  border  of  the  laminaj  of  the 
first  sacral  vertebra.  On  each  side  of  the  aperture  is  an  articulating  pro- 
cess with  a  vertical  articular  surface  lookhig  backwards  and  inwards  like 
the  superior  articulating  processes  of  the  lumbar  vertebrjB,  In  front  of  this 
is  a  groove  which  forms  part  of  the  last  lumbar  intervertebral  foramen. 
The  external  portion  of  the  base  presents  posteriorly  an  eminence  cor- 
responding to  the  lumbar  transverse  process,  and  in  front  of  that  a  large 
smooth  convex  surface,  inclined  forwards  and  coutiauous  with  the  iliac  fossa 
of  the  pelvis. 

The  apex,  formed  by  the  small  inferior  surface  of  the  body  of  the  fifth 
sacral  vertebra,  is  transversely  oval,  and  articulates  with  the  coccyx. 

The  sacral  canal  is  three-sided,  curved  with  the  bone,  and  gradually  nar- 
rowed as  it  descends.  It  opens  below  on  the  posterior  surface  of  the  bone, 
between  the  sacral  cornua,  where  the  laminse  of  the  last  sacral  vertebra  do 
not  unite.  From  this  canal  there  pass  outwards  in  the  substance  of  the 
bone  four  pairs  of  intervertebral  foramiua,  or  short  canals,  each  of  which 
divides  externally  into  an  anterior  and  posterior  sacral  foramen. 

Curvature. — The  curve  of  the  sacrum  varies  greatly  in  different  skeletons  :  in  some 
it  is  slight  and  confined  to  the  lower  end,  while  in  others  it  is  observable  in  the  whole 
length,  but  especially  about  the  middle. 

Differences  in  the  sexes. — The  sacrum  of  the  female  body  is  broader  in  proportion 
to  its  length  than  that  of  the  male,  so  as  to  approach  the  form  of  an  equilateral 
triangle,  and  is  seldom  curved  greatly,  or  in  its  whole  extent.  The  sacrum  of  the 
female  also  usually  inclines  backwards  from  the  direction  of  the  lumbar  vertebrae  to  a 
greater  extent  than  that  of  the  male. 

Varieties. — The  sacrum  is  subject  to  numerous  and  considerable  variations.  It  not 
unfrequently  consists  of  six  pieces,  and  it  has  been  found,  but  much  more  rarely, 
reduced  to  four.  (Soemmerring,  "  Lelire  von  den  Knochen  und  Biindern,  &c., 
herausgegeben  von  Rudolph  Wagnei',"  1839,  p.  128.)  It  is  not  fully  determined 
whether  these  differences  depend  on  increased  development  of  the  first  coccygeal 
vertebra  and  on  diminished  development  of  the  fifth  sacral,  or  whether  there  may 
not  be  an  interposition  of  a  new  vertebra  in  one  instance,  and  the  loss  of  one  of  the 
ordinary  series  in  the  other.  Oceasionallj'  the  bodies  of  the  first  and  second  sacral 
vertebrte  are  not  joined,  although  complete  union  has  taken  place  in  every  other 
part ;  and  in  like  manner  sometimes  a  space  is  left  between  their  arches.  The  lower 
end  of  the  sacral  canal  may  be  open  to  a  greater  extent  than  usual,  in  consequence 
of  some  of  the  vertebral  laminae  not  having  reached  the  middle  line  posteriorly : 
it  has  even  been  found  open  in  its  whole  extent.  (Thomson.)  Instances  occur  in 
which  the  first  sacral  vertebra  has  on  one  side  the  usual  sacral  form,  while  on  the 
other  it  has  the  appearance  of  a  lumbar  vertebra,  and  occasionally  it  presents  cha- 
racters on  both  sides,  intermediate  between  those  of  the  sacrum  and  lumbar  vertebrae. 

THE  COCCYX. 

The  coccyx  consists  most  commonly  of  four  rudimentary  vertebrte ;  some- 
times of  five,  seldom  of  only  three.  The  coccygeal  vertebraa  diminish 
gradually  in  size  from  above  downwards,  and  are  placed  in  a  continuous 
line  with  the  lower  part  of  the  sacrum. 

The  first  of  the  series  is  considerably  broader  than  the  others.  It  presents 
superiorly  a  small  oval  concave  surface  which  articulates  with  the  apex  of 
the  sacrum,  two  lateral  projections  corresponding  with  those  of  the  last 
sacral  vertebra,  and  two  small  processes,  termed  cornua,  corresponding  to 
a  certain  extent  with  articulating  processes,  which  project  upwards  from  its 
posterior  aspect  and  rest  upon  the  sacral  cornua.    The  lateral  parts  project 
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outwards  usually  forming  with  the  sacrum  the  notch  for  the  fifth  sacral 
nerve,  and  iu  some  instances  uniting  with  the  sacrum  so 
as  to  form  a  fifth  sacral  foramen.  ^'8-  • 

Fi„   10.— Four  Cocoyqeal  Vkrtedr.k,  seen  from  before.— From  a 
°'      '  Male  Subject  of  Middle  Age.  J 

The  upper  piece  is  separate  from  the  second  ;  the  three  lower  are 
united  together  in  one  piece,  and  separated  only  by  grooves.  1  is 
placed  above  the  middle  or  body  of  the  first  coccygeal  vertebra  ;  1  la 
below  the  fourth  piece ;  6  indicates  the  transverse  portion  ;  7,  tlie 
superior  articulating  tubercle. 

The  remaining  three  coccygeal  vertebrae  are  much  smaller  than  the  first, 
and  correspond  solely  to  vertebral  bodies.  When  separate,  the  second  piece 
presents  an  upper  and  lower  flattened  surface.  The  third  and  fourth  pieces 
are  mere  rounded  nodules.  In  middle  life,  the  first  piece  is  usually  sepa- 
rate, while  the  thi-ee  lower  pieces  are  most  frequently  united  into  one,  the 
original  separation  being  indicated  only  by  transverse  grooves. 

In  advanced  life,  the  coccygeal  vertebrae,  having  been  previously  joined 
into  one  bone,  become  also  united  to  the  sacrum.  This  union  occurs  at 
an  earlier  age  and  more  frequently  in  the  male  than  in  the  female,  but 
it  is  subject  to  much  variation. 

THE  VERTEBRAL  COLUMN'  AS  A  WHOLE. 

The  average  length  of  the  vertebral  column  is  about  twenty-eight  inches. 
Its  length  varies  to  a  considerable  extent  in  diff'erent  persons,  but  not  so 
much  as  might  be  anticipated  from  a  comparison  of  their  stature  ;  the  rela- 
tive height  of  individuals  depending  more  frequently  on  a  difference  in  the 
length  of  their  lower  limbs  than  of  the  vertebral  column. 

Curves. — The  vertebral  column  presents  four  curves,  directed  back- 
wards and  forwards.  In  the  neck  and  loins  the  convexity  is  forwards; 
in  the  back  and  pelvis  it  is  in  the  opposite  direction.  The  lumbar 
convexity  is  much  greater  than  the  cervical ;  and  the  sacral  concavity 
is  greater  than  the  thoracic.  In  the  dorsal  region,  there  is  also  very 
frequently  a  slight  degree  of  lateral  curvature,  the  convexity  of  which  in 
the  great  majority  of  cases  is  directed  towards  the  right  side. 

In  connection  with  the  thoracic  concavity  of  the  column,  the  bodies  of  the  dorsal 
vertebrjB  are  somewhat  thinner  in  front  than  behind.  The  pelvic  concavity  is  chiefly 
dependent  on  the  diminished  vertical  diameter  of  the  bodies  of  the  sacrum  in  front, 
and  the  bending  forward  of  the  coccyx.  The  cervical  and  lumbar  convexities  are 
attended  with  a  slightly  greater  thickness  of  the  posterior  than  of  the  anterior  parts 
of  the  intervertebral  discs,  and  they  are  in  part  maintained  by  the  elastic  tension  of 
the  ligamenta  subflava  acting  upon  the  most  flexible  portions  of  the  column.  (W.  & 
E.  Weber,  "Mcchanik  der  Mensch.  Gewerkzeuge,"  p.  91;  and  Ilenle,  "  Handbuch 
der  Syst.  Anat.  dcs  Menschen,"  vol.  i.,  p.  32.)  These  curves  are  connected  with  the 
maintenance  of  the  erect  posture.  They  are  absent  in  infants  and  increase  towards 
adult  age.  They  confer  upon  the  column  the  advantages  of  a  spring,  giving  it 
greater  strength  and  elasticity,  and  at  the  same  time  assist  in  preserving  the 
equilibrium  of  the  body. 

The  lateral  curvature  in  the  dorsal  region  has  been  supposed  by  some  anatomists 
to  be  connected  with  the  position  of  the  aorta  on  the  left  side  of  the  column. 
Cniveilhier  mentions,  in  supi)ort  of  this  opinion,  three  cases  of  transposition  of  the 
aorta,  in  which  the  convexity  of  the  lateral  curve  was  directed  to  the  left  side. 
(Cniveilhier,  "  Trait6  d'Anatomie,"  ^th  edit.,  p.  65.)  By  a  majority  of  writers  this 
curve  is  imputed  to  the  greater  muscular  action  on  the  right  side  than  the  left, 
occasioned  by  the  preference  usually  given  to  the  right  arm.  This  explanation 
originated  with  Bichat.    Otto  describes  a  case  of  right  aorta,  in  which  the  curve  of 
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the  column  had  the  usual  direction,  and  in  which 
the  riglit  arm  was  more  muscular  than  the  left. 
("  Seltene  Beobachtungen,"  part  2,  p.  61 ;  see  also 
R.  Quain,  "  Anatomy  of  the  Arteries,"  p.  19.) 

Fig.  11. — Vertkbrai,  Column  of  an  Advlt  Male, 

SEEN  PROM  BEHIND.  \ 

0  1  to  above  D  1,  the  seven  cervical  vertebrae; 
D  1  to  above  L  1,  the  twelve  dorsal  vertebrse  ;  L  1 
to  above  S  1,  the  five  lumbar  vertebras ;  S  1  to  above 
CO  1,  the  sacrum  ;  CO  1,  and  below,  the  four  coccygeal 
vertebras.  The  attention  of  the  reader  is  called  to  the 
transition  in  the  form  of  the  transverse  processes  and 
tubercles  indicated  in  this  specimen,  which  is  well 
marked. 

Form. — On  the  anterior  aspect  of  the 
column,  the  pillar  formed  by  the  bodies  of 
the  vertebrfB  is  seen  to  become  broader  from 
the  axis  to  the  first  dorsal  vertebra.  At  this 
place  it  ceases  to  widen,  and  even  becomes 
slightly  narrower  from  the  first  to  about  the 
fourth  dorsal  vertebra  ;  from  that  level  it  then 
becomes  gradually  wider  down  to  the  base  of 
the  sacrum.  The  width  between  the  extremi- 
ties of  the  transverse  processes  is  considerable 
in  the  atlas  ;  it  is  small  in  the  axis,  becomes 
greater  as  far  as  the  first  dorsal  vertebra, 
thence  it  is  again  gradually  contracted  as  far 
as  the  last  dorsal,  and  becomes  suddenly  much 
greater  in  the  lumbar  region. 

On  the  lateral  aspect,  the  diameter  of  the 
bodies  from  before  backwards  is  seen  to  in- 
crease most  rapidly  in  the  dorsal  region.  The 
tips  of  the  transverse  processes  of  the  dorsal 
vertebrse,  being  directed  backwards,  describe 
a  greater  curvature  than  the  bodies  ;  while 
the  spinous  processes  exhibit  a  smaller  curva- 
ture, on  account  of  the  middle  dorsal  set  being 
most  sloped  downwards,  while  those  above  and 
below  project  backwards. 

On  the  j^osterior  aspect,  the  spines  occupy 
the  middle  line.  Those  of  the  dorsal  region 
are  in  many  instances  inclined  a  little,  some 
to  one  side  and  some  to  the  other.  At  the 
sides  of  the  row  of  spines  are  the  vertebral 
grooves,  corresponding  to  the  laminfe,  and 
bounded  externally  in  the  cervical  and  dorsal 
regions  by  the  transverse  processes,  and  in  the 
lumbar  by  the  mammillary  processes.  They 
are  broad  but  shallow  in  the  neck,  and  become 
deep  and  narrow  lower  down  ;  the  narrowest 
part  being  at  the  last  dorsal  vertebra.  Along 
the  grooves  is  a  series  of  spaces  between  the 
laminiB,  which,  in  the  natural  condition,  are 
filled  up  by  the  yellow  ligaments.    The  extent 
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of  these  intervala  is  very  trifling  in  the 
neck  and  in  the  greater  part  of  the  back, 
it  increases  in  the  lower  third  of  the 
dorsal,  and  still  more  in  the  Inmbar 
region.  The  interval  between  the  occipital 
bone  and  the  arch  of  the  atlas  is  consider- 
able, and  so  is  that  between  the  last  lumbar 
vertebra  and  the  sacrum. 

Fig.  12  — The  same  Vertebral  Column  as  in 
Fig.  11,  VIEWED  from  the  Left  Side.  ^ 

Tlie  letters  and  figures  indicate  the  several 
vertebrse.  The  attention  of  the  reader  is  called 
to  the  different  curvatures  of  the  column  here 
shown,  the  shape  and  size  of  the  bodies  and 
intervertebral  spaces,  the  form  and  transitions  of 
the  transverse  and  spinous  processes,  and  the 
dififerences  in  the  costal  articulating  surfaces. 

DEVELOPMENT  OF  THE  VERTEBRiE. 

Earliest  steps  of  foetal  development  as  related 
to  tlie  first  formation  of  the  Vertebral  Column 
and  Skeleton. — The  first  step  in  the  formative 
process  within  the  ova  of  vertebrate  animals 
is  the  production  on  the  surface  of  the  yolk  of 
a  superficial  layer  of  organised  cells,  termed 
Uastodei~m,  or  germinal  membrane.  In  the 
progress  of  development,  this  substance  very 
soon  comes  to  be  divided  into  three  strata  or 
layers,  which  may  be  distinguished  from  each 
other  by  their  structural  differences,  and  have 
been  named  from  their  position  the  upper, 
middle,  and  lower  layers  of  the  germinal  mem- 
brane. The  upper  and  lower  layers  retain 
throughout  their  simple  cellular  structure,  and 
take  no  share  in  the  formation  of  the  skeleton. 
From  a  part  of  the  upper  layer  the  medullary 
rudiments  of  the  brain  and  spinal  marrow  are 
derived;  while  the  rest  of  its  extent  is  the 
source  of  the  cuticular  covering  of  the  body. 
The  whole  of  the  deeper  layer  is  taken  up  in 
the  formation  of  the  epithelium  of  the  mucous 
membranes  of  the  alimentary  canal  and  its 
dependencies.  But  the  middle  layer  has  a  far 
more  complex  and  important  destination,  as  it 
furnishes  the  formative  material  from  which 
are  developed  the  rudiments  of  the  osseous, 
muscular  and  vascular  systems,  together  with 
the  peripheral  nerves,  the  fibrous  coats  of  the 
alimentary  canal,  and  many  other  parts  of  the 
body. 

'I'he  earliest  indication  of  embryo-form  con- 
sists in  the  production  of  the  primitive  trace 
and  groove,  which  takes  place  in  the  part  of 
the  upper  and  middle  layers  to  be  occupied  by 
the  embryo.  The  deepening  of  this  groove  by 
the  elevation  of  its  sides  lays  the  foundation 
of  the  cerebro  spinal  canal  or  cavity,  and  this 
is  finally  closed  in  superiorly  by  the  meeting 
and  union  of  the  elevated  and  approximated 
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margins  of  the  groove.  At  the  same  time  there  is  enclosed  within  the  cavity  the 
medullary  substance  derived  from  the  upper  layer,  which  constitutes  the  rudiment  of 
the  brain  and  spinal  marrow. 

It  is  below  and  around  this  tubular  cerebro-spinal  cavity,  and  in  the  sub.stance  of 
the  portion  of  the  middle  germinal  layer  immediately  adjacent  to  it,  that  the  cranio- 
vertebral  part  of  the  skeleton  takes  its  origin  by  steps  of  which  the  following  is  the 
briefest  possible  outline. 

Immediately  below  the  cerebro-spinal  groove,  previous  to  its  closure,  there  appears 
in  the  substance  of  the  middle  layer  a  linear  condensed  structure,  termed  chorda 
dorsalis  or  notochord;  round  this  at  a  later  period  the  base  of  the  skull  and  bodies 
of  the  vertebrce  are  developed.  The  chorda  dorsalis  may  be  eecn  in  the  embryo-chick 
after  eighteen  hours  of  incubation,  and  at  corresponding  periods  of  advancement  in 
the  embryoes  of  mammalia.  In  the  human  embryo,  although  the  first  origin  of  this 
chord  has  not  yet  been  observed,  there  is  no  reason  to  doubt  its  existence ;  and  from 
observations  at  a  later  period  of  development  it  is  certain  that  the  foundation  of  the 
human  skeleton  is  laid  in  a  manner  essentially  the  same  as  in  animals. 

Soon  after  the  extension  of  the  two  upper  germinal  layers  in  the  dorsal  direction 
has  given  rise,  in  the  manner  mentioned,  to  the  neural  cavity  and  its  contained 
cerebro-spinal  axis,  the  incurvation  of  all  the  three  germinal  layers  in  a  downward  or 
ventral  direction  results  in  the  formation  of  the  walls  of  the  visceral  cavities  of  the 
body  ;  and  thus  from  the  chorda  dorsalis  as  a  centre  there  proceeds  upwards  a  neural 
and  downwards  a  visceral  arch. 

In  the  middle  layer  itself,  which  is  destined  for  the  production  of  the  most  com- 
plicated parts,  the  thickened  portion  which  is  next  to  the  chorda  dorsalis  on  either 
side  is  separated  from  the  part  which  is  more  remote,  and  it  is  in  the  inner  portion 
now  mentioned  that  there  are  produced  at  a  very  early  period  those  structures  which 
have  been  called  primitive  or  primordial  vertebra  by  embryologists,  the  formation  of 
which  constitutes  the  next  stage  in  the  progress  of  the  earliest  development  of  the 
skeleton.  These  rudimental  structures  consist  of  small  dark  quadrilateral  patches 
of  condensed  germinal  substance,  to  the  number  of  three  or  four,  situated  on  each 
side  of  the  chorda  dorsalis.  The  anterior  of  them  corresponds  to  the  atlas  vertebra, 
and  in  the  subsequent  increase  of  their  number,  the  new  ones  make  their  appearance 
farther  and  farther  backwards,  or  towards  the  caudal  extremity. 

Fig.  13.  Fig.  13. — This  and  the  three  following  figures  are  intended  to 

illustrate  the  first  formation  of  the  vertebral  segments,  or  "primi- 
tive vertebras,"  and  some  of  the  changes  by  which  the  permanent 
vertebral  and  costal  arches  are  produced.  Fig.  13  gives  in  outline 
a  magnified  view  of  the  embryo  of  the  chick  about  twenty-six  hours 
after  the  commencement  of  incubation,  as  it  lies  prone  in  the  centre 
of  the  germinal  membrane.  1,  2,  3,  cerebro-spinal  canal ;  1 — 2, 
the  cerebral  part ;  2 — 3,  the  spinal  part,  not  yet  closed  in  the  caudal 
region ;  4 — 4,  seven  primitive  vertebrse,  proto-vertebrse,  or  vertebral 
segments  ;  near  2,  the  rudiments  of  the  heart. 

The  so-called  primordial  vertebrae  have,  however,  a  more  ex- 
tended destination  than  to  serve  as  the  basis  of  formation  of  the 
elements  of  the  vertebral  column ;  for  each  pair  of  them  contains 
the  rudiments,  not  only  of  the  osseous  and  cartilaginous  parts 
of  a  vertebra  which  cross  the  middle  plane,  but  also  in  the 
thoracic  region  a  portion  of  a  rib,  and  throughout  the  whole 
extent  the  central  parts  of  a  spinal  pair  of  nerves  and  the 
cutaneous  and  muscular  parts  which  cover  the  whole  vertebral 
region.  The  process  by  which  these  several  parts  come  to  be 
distinct  in  the  progress  of  development  is  somewhat  intricate.  It 
will  be  suiScient  to  mention  here  that,  after  a  considerable  change 
has  occurred  in  each  of  the  primordial  vertebral  masses  by  the 
rapid  formation  of  cells  within  them,  each  becomes  cleft  into  an 
upper  and  lower  (dorsal  and  ventral)  division  or  plate.  The  upper  constitutes  the 
basis  of  the  skin  and  muscles  of  the  vertebral  part  of  the  trunk,  while  the  lower  or 
deeper  portion  undergoes  further  division  in  connection  with  the  development  of  very 
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dissimilar  elements  from  its  substance.  In  the  first  place,  tlie  outer  half  of  each  is 
(lividcil  by  a  transverse  fissure  into  two  parts,  of  which  the  anterior,  or  that  towards 
the  head,  is  afterwards  converted  into  the  root  and  ganglion  of  a  spinal  nerve  ; 


Fig.  14. 
3 


1 


T 


Fig.  14,  A. — Transverse  section  through 
the  spinal  part  of  the  onibryo  represented  in 
fig.  13,  at  the  place  where  the  spinal  canal 
is  still  open,  or  is  only  a  groove.  _  1,  chorda 
dorsalis  ;  2,  spinal  canal  or  primitive  groove  ; 
2  to  3,  medullary  plates,  continuous  with  4, 
the  corneous  layer  of  the  bla.stoderm  ;  5,  the 
middle  layer  ;  its  outer  part  divided  into  two 
lamina;,  the  upper  being  the  volunto-motory, 
in  which  osseous  and  muscular  plates  after- 
wards make  their  appearance,  and  the  lower 
being  the  involunto-motory  or  intestino-fibrous 
lamina;  6,  the  epithelial,  or  lowest  layer  of  the 
blastoderm  ;  7,  the  inner  part  of  the  middle 
layer,  in  which  the  primitive  vertebral  seg- 
ments are  developed. 

Fig.  14,  B  (adapted  from  Remak  and 
Kolliker).— Transverse  section  of  the  lumbar 
part  of  an  embryo  more  advanced,  or  towards 
the  fifth  day,  showing  the  spinal  canal  and 
spinal  marrow  closed,  the  visceral  plates  and 
intestine  formed,  &c.  1,  chorda  dorsalis  in  its  sheath  ;  2,  canal  of  the  spinal  marrow  ; 
3,  medullary  substance  of  the  spinal  marrow;  4,  corneous  layer ;  5,  outer  lamina  of  the 
middle  layer  forming  the  visceral  plates,  and  along  with  the  corneous  layer  the  amnion 
4  X  5  ;  6',  inner  lamina  of  the  middle  layer  or  intestino-fibrous  ;  the  figure  5'  is  placed 
in  the  peritoneal  cavity  ;  immediately  above  it  are  seen  the  rudiments  of  the  Wolffian 
bodies,  the  aorta  in  the  middle  between  them,  and  on  each  side  the  Wolffian  duct  ;  6,  the 
intestinal  cavity  and  epithelial  layer,  extending  at  5',  6,  into  the  blastoderm  of  the  yolk  sac. 


and  the  posterior  is  the  source  of  the  transverse  process  of  a  vertebra  and  adjacent 
portion  of  a  rib.  The  inner  part  of  the  primordial  vertebral  mass  passes  inwards 
in  two  modes :  1st,  by  its  deepest  part  it  passes  above  and  below  the  chorda  dorsalis, 
and  joining  with  the  corresponding  structures  from  the  opposite  side,  surrounds 


Fig.  15: 


Fig.  15  (from  Remak  and  Kolliker).' — The  cervi- 
cal part  of  the  primitive  vertebral  column  and 
adjacent  parts  of  an  embryo  of  the  sixth  day, 
showing  the  division  of  the  primitive  vertebral  seg- 
ments into  permanent  vertebral  arches,  rudiments 
of  the  spinal  nerves,  &c.  1,  1,  chorda  dorsalis  in 
its  sheath,  pointed  at  its  upper  end ;  2,  points  by 
three  lines  to  the  original  intervals  of  the  primi- 
tive vertebra;;  3,  in  a  similar  manner  indicates  the 
places  of  new  division  into  permanent  bodies  of  ver- 
tebra; ;  c  indicates  the  body  of  the  first  cervical 
vertebra;  in  this  and  the  next  the  primitive  divi- 
sion has  disappeared,  as  also  in  the  two  lowest 
represented,  viz.,  d  and  the  one  above;  in  those 
intermediate  the  line  of  division  is  shown  :  4,  points 
in  three  places  the  vertebral  arches;  and  5,  similarly 
three  commencing  ganglia  of  the  spinal  nerves  :  the 
dotted  segments  outside  these  parts  are  the  muscular 
plates. 


the  chorda;  2nd,  its  more  superficial  part  completes  the  formation  of  a  rintr  or 
a  part  of  a  cylinder,  round  the  spinal  conl.     This  may  be  considered  as  tiic 
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To  "Lwil.r  i'^'  ^''.'"^r"'''     ''''  -1"™-    It  may  be  proper 

fhc  SI  SuSsitl^itr'"''^  '"-^^^^'^     I^-l-S^'l  distanc  into 

follweS  hrrr^Ln?f'''^r^  primordial  vertebral  masses  above  referred  to  is 

in  threviLerTnvo^^^^^^^^         T  ^^ich  eonsists  iu  this-tha 

ver  tebral  it  e  fT.  ^''^       diorda  dorsal  is  the  lines  of  separation  of  the  primordial 

from  parts  of  w^^^^^^  "'^'^  thus  each  permanent  vertebra  is  formed 

mrT  of  tb.  r!h.  /  n  P"°^°',"'l^'^l  ™^««es;  the  arch,  the  transverse  processes  and 
vertebvn  n.V  f  '  ''^^^  ^'^^  ^"^^^^  ^^^"^^  d^^^^^d  from  one  primitive 

Tervt  1  lialf  of  the  body  together  with  the  corresponding  pair  of 

nerves  proceeding  from  a  part  of  the  next  primordial  mass  in  succession. 

Jn  the  human  embryo,  the  vertebral  column  begins  to  become  cartilaginous  in  the 
sixth  or  seventh  week.    The  cartilage  spreads  rapidly  over  the  bodies,  but  much 

more  slowly  into  the  arches,  in  which  the 
union  of  the  cartilages  of  opposite  sides  is 
not  completed  till  during  the  fourth  month 
(Kolliker).  At  the  period  of  the  first  appear- 
ance of  the  cartilaginous  bodies,  the  chorda 
dorsalis  consists  of  a  solid  column  of  large 
thin-walled  cells,  surrounded  by  a  transpa- 
rent sheath ;  but  it  becomes  constricted,  and 
gradually  dwindles  within  each  vertebral 
body,  while  it  remains  more  fully  developed 
in  the  intervertebral  spaces,  and  enters  into 
the  formation  of  the  intervertebral  discs. 

Fig.  16,  A  &  B  (from  Kolliker,  figs.  80  &  81). 
— Sections  op  the  Vertebral  Column 
OF  A  Human  F(etds  of  eight  weeiks. 

A,  transverse  longitudinal  section  of 
several  vertebrae.  1,  1,  chorda  dorsalis,  its 
remains  thicker  opposite  the  intervertebral 
discs  ;  2  is  placed  on  one  of  the  bodies  of 
the  permanent  vertebne ;  3,  on  one  of  the 
intervertebral  discs. 

B,  transverse  horizontal  section  through 
a  part  of  one  dorsal  vertebra.  1,  remains  of 
the  chorda  dorsalis  in  the  middle  of  the 
body  ;  2,  arch  of  the  vertebra  ;  3,  head  of 
a  rib. 


Ossification. — The  ossification  of  each  typical  vertebra  proceeds  from  three 
principal  nuclei.  One  of  these,  which  is  occasionally  double  at  first,  appears  in  the 
middle  of  the  cartilage,  and  is  afterwards  converted  into  the  main  part  of  the  body; 
the  other  two,  placed  one  on  each  side,  appear  opposite  the  roots  of  the  transverse 
processes,  usually  a  little  earlier  than  the  nucleus  of  the  body ;  and  form  the  arch  and 
processes,  together  with  an  angular  part  on  each  side  of  the  body,  namely,  that  part 
which  in  the  dorsal  region  supports  the  heads  of  the  ribs.  At  different  periods 
subsequent  to  the  age  of  puberty,  five  epiphyses,  or  supplementary  centres  of  ossifica- 
tion, are  added.  Three  of  these  are  small  portions  of  bone,  placed  on  the  tips  of  the 
spinous  and  transverse  processes  :  the  other  two  are  thin  circular  plates,  one  on  the 
upper,  the  other  on  the  lower  surface  of  the  body,  chiefly  at  its  circumference.  In 
the  lumbar  vertebrse  two  other  epiphyses  surmount  the  mammillary  processes.  The 
transverse  process  of  the  first  lumbar  vertebra  is  sometimes  observed  to  be  developed 
altogether  from  a  separate  centre.  Most  of  the  anterior  divisions  of  the  cervical  trans- 
verse processes  are  ossified  by  the  extension  into  them  of  osseous  substance  from 
the  neighbouring  posterior  part  of  the  process  and  from  the  arch ;  but  that  of  the 
seventh  usually  presents  a  separate  osseous  nucleus,  and  small  nuclei  have  also  been 
observed  by  Meckel  in  those  of  the  second,  fifth,  and  sixth  vertebra. 
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In  the  atlas  the  lateral  masses  and  posterior  arches  are  ossified  from  a  pair  of 
centres  eorresp'ondiu-  to  those  in  the  arches  of  the  succeeding  vertebraj.  In  the 
anterior  arch  one  or  two  separate  nuclei  appear  soon  after  birth ;  and  even  three  have 
been  observed.    There  is  frequently  a  small  epiphysis  on  the  posterior  tubercle. 


Fig.  17.  —  Illustrates  the  Ossifi- 
cation OV  THE  Ve11TEI)UJ3. 

A,  fcetal  vertebra,  showing  the  three 
primary  centres  of  ossiQcation ;  1,  2, 
for  the  pedicles,  lamina;,  and  processes  ; 
3,  for  the  body. 

13,  dorsal  vertebra  from  a  child  of 
two  years,  as  seen  from  above ;  1  &  2 
are  seen  to  have  encroached  upon  the 
body  at  *,  and  into  the  articular  and 
transverse  processes,  and  to  have  united 
behind  in  the  spinous  process,  leaving 
cartilaginous  ends. 

C,  dorsal  vertebra  at  about  si.xteen  or 
seventeen  years,  showing  the  epiphyses 
on  the  transverse  processes,  4  &  5,  and 
spinous  process,  6,  and  the  upper  epi- 
physial plate  of  the  body,  7. 

D  &  E,  parts  of  a  lumbar  vertebra 
of  about  the  same  age,  showing,  in  addi- 
tion to  the  foregoing,  8,  the  lower  epi- 
physal  plate  of  the  body  ;  9  &  10,  the 
epiphyses  of  the  superior  articular  pro- 
cesses (mammillary  tubercles). 


Fig.  17. 
A  B 


In  the  axis  there  appear,  about  the  same  lime  as  in  the  other  vertebrae,  a  pair  of 
osseous  centres  in  the  arch,  one  or  two  in  the  body  (Cruveilhier),  and  shortly  after- 
wards a  pair  in  the  odontoid  process  which  very  soon  unite  together.  At  birth,  the 
odontoid  process  is  of  larger  size  than  the  body,  from  which  it  is  still  distinct ;  and 
its  general  appearance  confirms  the  evidence  of  comparative  anatomy,  that  it  is  to  be 
regarded  as  the  displaced  body  of  the  atlas. 


Fig.  18. — Ossification  of  the  Atlas 

AS  SEEN  FROM  ABOVE. 

A,  the  atlas  before  birth ;  1  &  2  ossi- 
fied deposits  in  the  posterior  parts  of  the 
arch  ;  the  anterior  part  is  cartilaginous. 

B,  the  atlas  of  a  child  in  the  first  year ; 
1  &  2,  as  before  ;  3,  the  point  of  ossifica- 
tion in  the  anterior  arch. 

Fig.  18.* — Ossification  of  the  Axis  as 

SEEN  from  the  FRONT. 

A,  the  axis  of  the  foetus  of  seven  months, 
showing  at  3  the  centre  for  the  body,  and 
at  4  &  5  two  centres  for  the  base  of  the 
odontoid  process. 

B,  the  axis  shortly  after  birth,  showing 
at  1  &  2  the  centres  for  the  arch  ;  3,  the 
centre  for  the  body  ;  G,  the  two  centres 
of  the  odontoid  process  united  into  one. 


Fig.  18. 


The  sacral  vertebras  present  the  three  ordinary  great  centres  of  ossification,  viz., 
one  in  the  body,  and  a  pair  in  the  arch  ;  but  in  each  of  the  first  three  or  sometimes 
four  sacral  vertebras  the  anterior  part  of  the  lateral  masses  on  each  side  is  formed 
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f  om  an  a ddi  lonal  centre.  On  Uie  body  of  each  sacral  vcrlel.ra,  epiphysial  plates 
aie  termed  at  a  later  period,  as  in  other  vertebrae.  To  complete  the  OHsificatiou 
or  the  sacrum,  there  are  also  formed  on  each  side  of  it  two  flat  and  irregular  plates, 
ot  Which  one  extends  over  the  fir,st  three  vertebrse,  while  the  other  connects  the 
last  two. 


Pig.  19. 


C 


Fig.  19. — Ossification  of  the  Sacrum. 

A,  sacrum  of  a  foetus  before  six  months,  seen  from  the  front,  showing  the  ossific  nucleus 
n  the  body  of  each  vertebra,  from  1  downwards. 

B,  sacrum  of  a  child  at  birth,  showing  three  pairs  of  additional  nuclei  for  the  lateral 
masses,  2,  2,  close  above  the  sacral  foramina. 

C,  sacrum  of  a  person  of  about  twenty  five  years  of  age.  At  3  &  3,  epiphysial  plates  are 
stdl  visible  above  and  below  the  first  vertebral  piece,  and  the  fissures  still  remain  between 
the  first  and  second  and  the  second  and  third  lateral  pieces ;  at  4  &  4'  are  shown  the 
lateral  epiphysial  plates. 


Each  of  the  coccygeal  vertebrae  is  usually  ossified  from  a  single  centre ;  but  occa- 
sionally one  of  the  first  thi-ee  contains  two  granules  placed  side  by  side. 

Progress  of  Ossification  in  the  Vertebral  Column. — The  deposit  of  bone  in  the 
arches  of  the  vertebraa  takes  place  first  in  those  belonging  to  the  upper  end  of  the 
column,  and  gradually  proceeds  downwards.  In  the  bodies,  it  first  occurs  in  the 
lower  part  of  the  dorsal  region  (about  the  ninth  dorsal  vertebra) ;  and  from  that 
the  process  is  extended  upwards  and  downwards,  reaching  last  of  all  the  atlas  and  the 
coccyx,  neither  of  which  ossify  till  after  birth.  But  though  the  nuclei  of  tlie  lower 
dorsal  vertebrEe  are  the  first  to  api^ear,  they  are  soon  surpassed  in  size  by  those  below 
them ;  and  in  the  foetus  at  birth  the  relative  size  of  the  nuclei  corresponds  with  that 
of  the  fully-grown  vertebrse. 

In  the  subjoined  table  are  stated  the  ages  at  which  the  osseous  centres  of  the 
vertebral  column  appear  and  the  steps  of  union  take  place.  But  it  is  to  be  observed 
that  it  is  only  attempted  to  state  these  ages  approximately,  both  because  of  the  great 
ditficulty,  in  most  instances,  of  determining  the  age  of  the  human  foetus  with 
accuracy,  and  because  of  a  certain  amount  of  variety  which  probably  exists  in  the 
rapidity  of  the  growth  of  bone  in  different  cases.  (See  Albinus,  "  Icones  Ossium 
foetus,"  p.  68;  Meckel,  in  his  "Archiv"  vol  i.  1815,  p.  048,  tab.  vi. ;  Humphry, 
"  On  the  Skeleton,"  p.  132 ;  Aitken,  "  Growth  of  the  Recruit,"  1 802.) 


PERIODS  OF  OSSTFICATIGN   OF  THE  VERTEBRJE, 

In  the  vertebrae  generally — 

The  three  primary  centres  appear  in  the  7th  or  8th  week  (foetal  life). 
The  epiphyses  of  the  processes  appear  in  the  18th  year  or  later. 
The  epiphysial  plates  of  the  body  appear  in  (,he  1 8th  or  20th  year. 
The  two  centres  of  the  arch  unite  in  the  first  year. 
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In  the  vertebra!  generally— 

Tlie  arcli  and  the  body  unite  m  tlie  3rd  year. 

The  vertebra  and  its  epiphyses  unite  in  the  25th  year  or  later. 

In  the  atlas —  .    .1    i  i 

Ossification  of  the  anterior  areh  appears  in  the  Ist  year. 

The  two  centres  of  the  posterior  arch  unite  in  the  3rd  year. 

The  anterior  and  posterior  arches  unite  in  the  5ih  or  Gth  year. 
In  the  axis — 

The  centre  of  the  body  and  (a  lillle  later)  the  centres  of  the  odontoid  process 

appear  in  the  6th  month. 
The  body  and  odontoid  process  unite  in  the  3rd  year. 
In  the  sacrum — 

The  additional  lateral  centres  appear  from  the  6th  to  the  8th  month. 
The  lateral  epiphysial  plates  appear  from  the  18th  to  the  20th  year. 
The  body  and  arch  unite  in  the  5th  vertebra  in  the  2nd  year. 
The  body  and  arch  unite  in  the  1st  vertebra  in  the  5th  or  Gth  year. 
The  lower  vertebraa  unite  with  one  another  in  the  18th  year. 
The  upper  vertebrse  unite  with  one  another  in  the  25th  year  or  later. 
In  the  coccyx — 

Ossification  of  the  1st  vei-tebra  appears  about  the  time  of  birth. 
Ossification  of  the  2nd  vertebra  appears  from  the  5th  to  the  10th  year. 
Ossification  of  the  3rd  vertebra  appears  from  the  10th  to  the  15th  year. 
Ossification  of  the  4th  vertebra  appears  from  the  15th  to  the  20th  year. 

THEOEETICAl  COMPARISON  OF  THE  TERTEBRiE. 

The  study  of  the  correspondence  of  parts  in  different  vertebra,  or  of  their  homology, 
involves  complicated  questions,  which  cannot  be  competently  discussed  without  reference 
to  the  various  forms  found  throughout  the  vertebrate  classes  of  animals.  But  there 
are  some  points  connected  with  this  subject  to  which  the  attention  of  the  student  of 
human  anatomy  may  here  be  briefly  directed. 

In  considering  the  serial  relations  of  the  bodies  of  the  vertebra,  it  is  necessary  to 
distinguish  the  masses  formed  round  the  chorda  dorsalis  —the  centra — from  the  angular 
portions  derived  by  ossification  from  the  arch.  The  only  peculiarities  in  the  series  of 
centra  are  to  be  found  at  or  near  the  extremities  of  the  column.  One  of  these,  of  less 
note,  is  presented  by  the  first  coccygeal  vertebra,  the  cornua  and  lateral  projections  of 
which,  although  ranged  in  series  with  parts  which  in  the  preceding  vertebrse  are  derived 
from  the  osseous  nuclei  of  the  arch,  are,  nevertheless,  ossified  from  the  centrum.  The 
other  peculiarity  presented  by  the  atlas  and  axis  is  of  a  more  remarkable  kind. 
The  odontoid  process  of  the  axis  is  the  true  centrum  of  the  atlas,  disguised  by 
remaining  distinct  from  the  rest  of  the  vertebra  to  which  it  belongs,  and  becoming 
adherent  to  the  centrum  of  the  succeeding  vertebra.  The  main  proofs  that  this  view 
is  correct  are,  1st,  that  the  odontoid  process  originates  in  cartilage  distinct  from  the 
proper  centrum  of  the  axis ;  2nd,  that  the  remains  of  the  chorda  dorsalis  have  been 
traced  through  the  odontoid  process  to  the  occipital  bone ;  and  3rd,  that  in  early  life, 
and  in  certain  animals  (especially  turtles),  the  odontoid  process  is  similar  in  appearance 
to  the  succeeding  centra.  The  anterior  nucleus  of  the  atlas  must,  therefore,  be  regarded 
as  a  prc-central  or  sub-central  structure.  (Ratlikc,  "  Entwicklungsgeschichte  der 
Natter,"  p.  120  ;  and  "  Entwickl.  der  Schildkroten,"  p.  77.)  It  is  proper  to  observe  that 
both  sets  of  the  articular  surfaces  of  the  atlas  and  the  superior  pair  belonging  to  the 
axis  are  placed  upon  those  parts  which  in  succeeding  vertebraa  form  the  angles  of  the 
bodies;  these  articular  surfaces,  therefore,  correspond  in  position, not  with  the  smooth 
facets  of  the  articulating  processes,  but  rather  with  those  for  the  heads  of  the  ribs  in  the 
dorsal  vertebrse.  This  is  seen  not  only  from  their  position  in  front  of  the  trunks  of 
the  spinal  nerves,  and  from  the  superior  articular  surfaces  of  the  axis  actually  abutting 
on  the  centrum,  but  also  from  the  condition  of  parts  in  many  animals.  Thus,  in 
birds  and  reptiles  the  lateral  masses  and  anterior  nucleus  of  the  atlas  unite  to  form  a 
mesial  disc,  which  articulates  with  the  body  of  the  axis  in  front  of  the  odontoid 
process  and  with  a  single  condyle  on  the  occipital  bone,  while  at  the  same  time  the 
axis  and  atlas  are  likewise  connected  by  articulating  processes  placed  behind  the 
nciTcs  and  in  scries  with  those  which  follow. 
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On  examination  of  the  series  of  transverse  processes,  a  certain  amount  of  correspon- 
dence cannot  fail  to  be  noticed  between  the  anterior  divisions  of  tliose  of  the  cervical 
vertebrae  and  ribs ;  especially  when  it  is  considered  that  in  certain  instances  those  of 
the  seventh  cervical  vertebra  are  replaced  by  ribs  which  are  articulated  in  two  places 
with  the  vertebra ;  and  that  in  the  neck  of  saurian  reptiles  short  ribs  are  found  very 
similar  in  appearance  to  the  anterior  divisions  of  the  transverse  processes  in  the 
human  subject.  On  the  other  hand,  these  processes  differ  from  ribs  in  being  for  the 
most  part  ossified  in  continuity  with  the  arch  ;  and  on  that  account  some  anatomists 
prefer  to  compare  them  with  the  costal  facets  on  the  dorsal  vertebrae,  and  with  pro- 
ceases  on  which  in  birds  and  reptiles  those  facets  are  elevated.  The  tran.sverse,  mam- 
millary,  and  accessory  processes  of  the  lumbar  vertebras  lie  in  series,  as  has  been 
seen,  with  the  three  sets  of  tubercles  on  the  transverse  processes  of  the  twelfth  and 
other  dorsal  vertebrae,  whence  it  may  be  argued,  as  has  been  done  by  Eetzius,  that 
the  whole  transverse  process  of  a  dorsal  vertebra  corresponds  to  three  processes 
of  a  lumbar  vertebra.  At  the  same  time,  the  mammillary  processes  are  not  mere 
subsidiary  parts  developed  on  the  transverse  processes,  for  in  some  animals,  as  the 
hedgehog  and  the  armadillo,  they  are  of  much  greater  size  than  the  transverse  pro- 
cesses themselves,  continue  distinct  from  them  in  nearly  the  whole  length  of  the 
thoracic  region,  and  may  be  seen  to  lie  in  series  with  prominences  on  the  articulating 
processes  of  the  cervical  vertebrae.  The  lumbar  transverse  processes  are  not  without 
a  certain  degree  of  correspondence  with  ribs,  which  is  illustrated  by  the  first  of  the 
series  being  sometimes  replaced  by  a  short  thirteenth  rib  on  one  or  both  sides,  and  is 
also  indicated  by  the  existence  on  the  upper  borders  of  the  lumbar  transverse  processes 
of  grooves,  sometimes  pretty  distinct,  which  lie  in  series  with  the  intervals  between 


Fig.  20,  Pig-  20.— Osseous  part  of  the  First  Vertebra  ov  the 

Sacrum  of  a  Person  of  four  or  five  years  old.  g 

1,  the  body  ;  2,  2,  the  large  lateral  masses  between 
which  and  the  body  and  the  transverse  processes  deep 
fissures  are  seen  running  backwards. 

the  necks  of  the  ribs  and  the  dorsal  transverse  processes. 
In  the  sacrum,  the  special  lateral  centres  of  ossification 
in  the  three  upper  vertebrae  may,  very  probably,  be 
regarded  as  costal  elements.    (Retzius,  "Miiller's  Archiv,"  1849  ;  J.  Muller,  "  Vergl. 
Anat.  der  Myxinoiden;"  August   Muller,  "Miiller's  Archiv,"  1853  ;  Humphry, 
"  Treatise  on  the  Human  Skeleton;"  Cleland,in  "Nat.  Hist.  Review,"  1861  andl863.) 

It  is  not  to  be  wondered  at  that  the  vertebral  column,  from  its  being  the  most 
regularly  segmented  structure  in  the  body,  as  well  as  from  its  forming  the  basis  of  the 
osseous  system,  should  have  held  a  prominent  place  in  the  various  schemes,  according 
to  which  it  has  been  attempted  to  resolve  the  skeleton  into  a  certain  number  of 
elements,  repeated  in  modified  forms  in  the  different  segments.  Among  the  various 
schemes  of  this  description  may  be  mentioned  those  of  Oken,  Carus,  Geoffrey  St. 
Hilaire,  Owen.Maclise,  and  Goodsir.  (Oken, " Physiophilosophie,"  and  in  "  Isis,"  1817, 
1819,  1820  ;  C.  G.  Carus,  "Lehrbuch  der  Zootomie,"  2nd  edit. ;  Geoffrey  St.  Hilaire, 
"Philosophie  Anatomique ; "  Owen,  "On  the  Archetype  and  Homologies  of  the 
Vertebrate  Skeleton ; "  Maclise,  "  Comparative  Osteology,"  and  the  Article  "  Skele- 
ton" in  "Todd's  Cyclop^d.  of  Anat.  and  Physiol.;"  Goodsir,  "Edinburgh  New 
Philosophical  Journal,"  1857,  p.  118.) 

Based  upon  morphological  views,  there  has  likewise  been  introduced  by  Owen 
a  system  of  nomenclature,  which  being  adhered  to  in  his  descriptive  writings, 
and  adopted  more  or  less  by  various  English  writers,  demands  attention.  In  that 
system  the  word  vertebra  is  employed  to  signify  a  segment  of  the  skeleton,  the  term 
centrum  is  preserved  in  its  usual  signification,  the  laminae  are  called  neurapophyses, 
the  spine  the  neural  spine,  the  articulating  processes  zygapophyses,  the  ribs  2}leura- 
pophyses  the  mammillary  processes  metaiw2?hyses,  and  the  accessory  processes 
anapophvses.  Two  descriptions  of  transverse  processes  are  distinguished,  viz.,  the 
diapophyses  and  the  parapophyses  ;  the  dorsal  transverse  processes  and  the  pos  erior 
parts  of  the  cervical  transverse  processes  being  examples  of  the  first,  while  the  anterior 
parts  of  the  cervical  transverse  processes  are  referred  to  the  second.    Ihe  ideal 
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arrangement  named  by  Owen  the  "  typical  vertebra"  is  completed  by  the  addition 
to  the  parts  now  mentioned  of  a  pair  of  hmviapoi^hyaea  and  a  hmmcd  spine,  situated 
in  front  of  the  centrum,  as  the  neurapophyses  and  neural  spine  are  placed  behind ; 
but  in  the  thorax,  according  to  his  views,  the  hsemapophyses  are  supposed  to  be 
transplanted  to  the  extremities  of  the  pleurapophyses,  and  form  the  costal  cartilages, 
carrying  with  them  the  sternum  or  series  of  hcemal  spines. 

However  interesting  these  views  may  be,  and  however  expedient  the  adoption  in 
Comparative  Anatomy  of  some  such  words,  expressive  of  anatomical  relations, 
more  especially  when  it  shall  appear  that  the  doctrines  suggesting  the  terminology 
are  sufficiently  established;  yet,  as  these  are  still  imperfect,  and  as  the  names 
by  which  most  parts  of  the  human  body  are  commonly  designated  have  been  long 
in  use,  and  are  very  generally  understood,  it  seems  premature  for  the  present 
to  attempt  a  theoretical  reformation  of  the  nomenclature  of  human  descriptive 
anatomy. 

THE  THORAX. 

The  parts  which  enter  into  the  construction  of  the  thoracic  part  of  the 
skeleton  are  the  dorsal  vertebrae  already  described,  the  sternum,  the  ribs, 
and  the  costal  cartilages. 

THE  STERNUM  OR  BREAST-BONB. 

The  sternum  (os  pectoris,  os  xiphoides)  is  situated  in  the  median  line  at 
the  fore  part  of  the  thorax,  in  a  sloping  position,  inclined  downwards  and 
forwards.    It  is  connected  with  the  rest  of  the  trunk  by  the  costal  cartilages 

Fig.  21. — The  Sternum  op  a  middle-aged 
Man.  ^ 

A,  from  before,  1,  2,  3,  4,  5,  6,  &  7, 
the  articular  surfaces  for  the  corresponding 
costal  cartilages  ;  8,  manubrium  or  upper 
piece,  still  slightly  separate  from  the  body  ; 
9,  middle  of  the  body  ;  10,  ensiform  portion, 
osseous,  and  united  to  the  body ;  11,  inter- 
clavicular notch ;  articular  notch  for  the 
clavicle. 

B,  the  same  sternum  viewed  from  the 
right  side,  showing  the  general  convexity  of 
the  bone  forwards.  The  dilferent  facets  of 
articulation  of  the  clavicle  and  costal  carti- 
lages will  be  distinguished  by  their  position 
in  comparing  the  figure  B  with  A. 

of  the  seven  highest  pairs  of  ribs,  and 
gives  attachment  to  the  clavicles.  It 
consists  originally  of  six  segments. 
The  first  of  these  usually  remains 
distinct  up  to  middle  life,  and  is 
called  the  manubrmm ;  the  succeed- 
ing four  are  united  into  one  in  the 
adult,  and  form  the  body;  the  sixth 
generally  remains  cartilaginous  up 
to  the  period  of  puberty,  and  some- 
times partially  so  even  to  advanced 
ensiform  process,  or  ca/rtilage. 

The  sternum  is  flattened  from  before  backwards,  and  presents  a  slight 
vertical  ciurve  with  the  convexity  iu  front.    It  is  of  uuequal  width,  bebig 


Fig.  21. 


age,  and  is  called  the  xiphoid,  or 


24 


BONES  OF  THE  TIIOEAX. 


broad  at  tlio  uppor  part  of  tlio  maiiubrinm,  considerably  narrower  at  the 
lower  end  of  that  portion  and  in  the  following  segment,  f-omewhat  wider  near 
the  lower  than  at  the  upper  end  of  the  body,  and  finally  compressed  and 
narrowed  whore  tbo  body  joins  the  ensiform  cartilage.  It  consists  of  light 
cancellated  texture,  with  a  thin  covering  of  compact  bone,  so  as  to  be  liable 
to  crushing  from  violence. 

The  manuhrmm  is  the  thickest  part  of  the  sternum.  Its  superior  border 
13  divided  into  three  deep  notches  ;  the  middle  one  is  named  the  incisura, 
furcula,  or  interclavicular  notch;  the  lateral  ones  form  two  depressed  articular 
surfaces  directed  upwards  and  outwards,  for  articulation  with  the  clavicles. 
Eacb  lateral  border  presents  superiorly  a  rough  depression  close  to  the 
clavicular  surface,  but  looking  directly  outwards,  which  receives  the  cartilage 
of  the  first  rib  ;  and,  at  its  inferior  angle,  a  small  surface  which,  with  a 
similar  one  on  the  second  segment,  forms  a  notch  for  the  cartilage  of  the 
second  rib.  The  inferior  margin  is  straight,  and  united  by  intervening 
cartilage  to  the  upper  margin  of  the  second  segment. 

The  body  is  marked  on  its  anterior  surface  by  three  slight  transverse 
elevatioas,  which  mark  the  lines  of  junction  of  its  four  component  parts. 
Its  posterior  or  thoracic  surface,  together  Avith  that  of  the  manubrium,  is 
of  more  uniform  smoothness.  The  lateral  margins  present  each  five  notches 
for  the  reception  of  costal  cartilages,  and  a  small  surface  superiorly,  which, 
with  the  similar  depression  on  the  manubrium,  forms  the  notch  for  the 
second  costal  cartilage. 

The  notches  for  the  third,  fourth,  and  fifth  costal  cartilages  are  opposite 
the  lines  of  junction  of  the  four  segments  of  the  body  of  the  sternum  ; 
those  of  the  sixth  and  seventh  are  placed  close  together  on  the  sides  of 
the  inferior  segment,  that  for  the  seventh  being  frequently  completed  by  the 
ensiform  cartilage. 

The  lower  segment  of  the  bone,  often  called  ensiform  cartilage,  varies 
considerably  in  different  individuals.  In  its  simplest  form  it  is  a  thin 
spatula-like  pi'occss  projecting  downwards  between  the  cartilages  of  the 
seventh,  ribs.  It  is,  however,  subject  to  very  frequent  varieties  of  form  ;  being 
sometimes  bent  forwards,  sometimes  backwards,  often  forked,  and  sometimes 
perforated.     It  projects  into  the  aponeurosis  of  the  abdominal  muscles. 


The  sternum  is  subject  to  many  varieties.  It  is  sometimes  divided  vertically  in 
the  whole  or  a  part  of  its  length.  It  is  not  unfrequently  much  shorter  than  usual,  and 
indented  at  its  lower  part,  as  occurs  especially  from  the  pressure  of  the  cobbler's  last. 

Two  episternal  nodules  have  been  found  in  some  rare  cases  surmounting  the 
incisura  of  the  manubrium.  (Brcschet,  "  Annales  des  Sciences  Naturelles,"  2d  series, 
V.  10,  Zoologie,  p.  191  ;  and  Luschka,  "  Die  Halsrippen  und  die  Ossa  supra-stcrnalia," 
Vienna,  1859.)  Their  position  is  indicated  by  the  asterisks  (**)  in  figure  24,  E. 
They  derive  an  additional  interest  from  the  occurrence  of  suprasternal  bones  in 
reptiles  and  monotremata. 


THE  BIBS. 

The  ribs  (coste)  are  twelve  in  number  on  each  side.  They  form  a  series 
of  arched  and  highly  elastic  bones,  which  extend  outwards  and  forwards 
from  the  vertebral  column,  and  form  the  lateral  walls  of  the  thorax.  Their 
anterior  extremities  give  attachment  to  cartilaginous  prolongations — the 
costal  cartilages,  the  first  seven  pairs  of  which  pass  forward  to  the  sternnra. 
On  this  account  the  first  seven  pairs  of  ribs  are  called  sternal,  or  true  ribs, 
wbile  the  remaining  five  paii'S  are  called  asternal,  or  false  ribs. 
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Characters  common  to  most  of  tuk  ribs. — These  are  best  marked  in 
the  ribs  near  the  middle  of  the  series.  The  posterior  extremity  is  thickened, 
and  is  termed  the  head  or  caj/itidwn  ;  it  presents  a  supei-ior  and  an  inferior 
oblique  articular  surface  for  articulation  with  the  bodies  of  two  vertebras,  and, 
between  them,  a  slight  ridge,  to  which  the  iuterarfcicular  ligament  is  attached. 
At  a-little  distance  from  the  head,  and  separated  from  it  by  the  neck,  is  the 
tubercle,  which  is  directed  backwards,  and  presents  a  smootli  surface  for  arti- 
culation with  the  transverse  process  of  the  inferior  of  the  two  vertebrae  with 
which  the  head  is  connected,  and,  outside  that,  a  roughness  marking  the 
insertion  of  the  posterior  costo-trausverso  ligament.  The  part  termed  the 
neck,  between  the  head  and  the  tubercle,  is  slenderer  than  the  rest  of  the 
rib.  The  whole  extent  beyond  the  tubercle  constitutes  the  body.  It  becomes 
laterally  compressed,  and  wider  from  above  downwards,  towards  the  anterior 
extremity.  Outside  the  tubercle,  between  it  and  the  most  convex  part  of 
the  body,  is  a  rough  luie,  which  coi-responds  to  the  outer  border  of  the 
erector  spiniB  muscle,  and  which  is  termed  the  angle,  because  at  this  point 
the  curve  of  the  rib  is  more  sudden,  and  changes  from  an  outward  and 
backward  to  a  forward  direction.  The  inferior  border  presents  on  its 
inner  aspect  a  groove,  in  which  lie  the  intercostal  vessels  and  nerve,  and 
which  is  best  marked  opposite  the  angle,  and  disappears  in  front.  The 
anterior  extremity  is  hollowed  at  its  tip  into  an  oval  pit,  into  which  the 
costal  cartilage  is  implanted. 


Fig.  22. 


Fig.  22.— The  First,  Sixth,  and  Twelfth  Ribs  op  the  Right  Side.  ^ 
A,  the  sixth  seen  from  above  and  the  outer  side  ;  B,  the  same  rib  viewed  from  below 
ana  within  ;  G,  the  first  rib  viewed  from  above  and  without :  D,  the  twelfth  rib  viewed 
from  above  and  within. 

1,  the  head  in  C  &  D,  the  ridge  between  the  two  facets  of  the  head  in  R  ;  2,  the  neck  • 
rf,  the  tubercle,  in  B  presenting  the  rough  tubercle  and  the  smooth  facet  for  articulation 
with  the  transverse  process  ;  4,  the  lower  border  with  the  ridge  and  subcostal  -roove  •  5 
the  upper  border  ;  6,  the  oval  pit  for  the  attachment  of  the  costal  cartilage  ;  7,  Tn  the  first 
nb,  0,  the  scalene  tubercle,  aiid  near  it  the  smooth  groove  for  the  subclavian  artery. 

Inclination  and  Cwtjcs.— There  is  a  general  inclination  of  the  ribs 
downwards  from  the  head  to  the  anterior  extremity.     This  slope  is  greatest 
between  the  head  and  angle  ;  beyond  that  point  it  is  diminished,  and  it  is 
again  increased  further  forwards,  and  diminished  at  the  anterior  extremity 
The  curve  of  the  ribs  is  much  more  marked  towards  the  back  part  than'  L 
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front,  and  is  most  so  in  the  neighbourhood  of  the  angle.  At  first  the  rib  is 
directed  backwards  as  well  as  outwards.  Besides  the  main  curves  now 
mentioned  the  rib  is  somewhat  twisted  on  itself,  so  that  the  two  extreme 
portions  cannot  be  made  to  rest  at  the  same  time  on  a  flat  surface,  It 
follows,  from  the  same  twisting  in  the  majority  of  the  ribs,  that  while  their 
surfaces  are  vertical  posteriorly,  they  are  sloped  upwards  and  inwards  at 
the  anterior  part. 

Characters  peculiar  to  certain  Ribs. — The  ribs  increase  in  length  from 
the  first  to  the  eighth,  and  decrease  from  the  ninth  to  the  twelfth,  so  that  the 
last  is  little  longer,  often  even  shorter,  than  the  first.  The  first  rib  is  the 
broadest,  and  after  it  the  middle  ones  ;  the  twelfth  is  the  narrowest.  The 
distance  of  the  angle  from  the  tubercle  increases  gradually  from  the  second 
to  the  eleventh  ;  in  the  first  the  angle  coincides  with  the  tubercle,  in  the 
last  it  is  not  perceptible. 

The  first  rib  is  shorter  and  broader  than  any  of  the  others.  Its  direction 
is  slightly  inclined,  and  its  surfaces  lie  nearly  in  the  same  flat  plane.  Its 
superficial  and  thoracic  surfaces  look  respectively  upwards  and  downwards. 
The  head  is  small,  and  presents  a  single  articular  surface.  The  neck  is 
round  and  slender.  It  articulates  with  the  body  and  transverse  process  of 
the  first  dorsal  vertebra  alone.  On  the  superior  or  superficial  surface  are  two 
very  slight  smooth  depressions  with  an  intervening  rough  mark,  and  a 
considerable  rough  surface  behind.  The  rough  surface  marks  the  attachment 
of  the  scalenus  medius  muscle,  the  posterior  depression  the  position  of  the 
subclavian  artery,  the  anterior  depression  the  subclavian  vein ;  and  the  inter- 
vening slight  elevation,  frequently  terminating  in  a  sharp  spine  on  the  inner 
edge,  indicates  the  attachment  of  the  scalenus  auticus  muscle. 

The  second  rib  is  longer  than  the  first,  and  presents  externally  a  prominent 
roughness  which  marks  the  attachment  of  the  serratus  magnus. 

The  eleventh  and  twelfth  are  distinguished  as  the  free  or  floating  ribs, 
because  their  cartilages  are  pointed  and  unattached  in  front.  They  have  no 
groove  on  the  inferior  border,  no  articular  tubercle,  and  only  one  articulating 
surface  on  the  head.  The  mark  of  the  angle  is  scarcely  perceptible  on  the 
eleventh,  and  is  absent  from  the  twelfth. 

Varieties. — The  number  of  the  ribs  is  sometimes  increased  to  thirteen  on  one  or 
both  sides.  The  supernumerary  rib  is  most  frequently  very  short,  and  is  formed  in 
connection  with  the  transverse  process  of  the  first  himbar  vertebra,  or  occasionally 
with  the  seventh  cervical :  in  the  latter  case  the  additional  rib  has  a  double  attach- 
ment, viz.,  to  the  body  and  transverse  process  of  the  vertebra.  The  number  is 
sometimes  diminished  to  eleven  pairs  by  the  absence  of  the  twelfth.  Eibs  likewise 
occur  gi'eatly  expanded  or  forked  at  their  anterior  extremities ;  and  occasionally  two 
or  more  ribs  are  united  together  in  a  part  of  their  extent  by  their  margins. 

The  COSTAL  cartilages  are  continuations  of  the  ribs.  Their  breadth 
diminishes  gradually  from  the  first  to  the  last,  whilst  the  length  increases 
as  far  as  the  seventh,  after  which  it  becomes  gradually  less.  Their  line  of 
direction  varies  considerably.  The  first  descends  a  little,  the  second  is 
horizontal,  and  all  the  rest,  except  the  last  two,  ascend  more  and  more  from 
the  rib  towards  the  sternum  as  they  are  situated  lower  down.  The  external 
or  costal  extremity,  convex  and  uneven,  is  implanted  into  and  united  with 
the  end  of  the  corresponding  rib.  The  internal  extremities  of  the  upper 
seven  (except  the  first),  are  smaller  than  the  external  and  somewhat  pointed, 
and  fit  into  the  corresponding  angular  surfsicos  on  the  side  of  the  ster- 
num, with  which  they  are  articulated  in  synovial  caAdties.  Each  of  the 
cartilages  of  the  first  three  asternal  ribs  becomes  slender  towards  its  ex- 
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tremity,  and  is  attached  to  the  lower  border  of  that  which  is  next  above  it. 
Thfi  last  two  are  pointed  and  unattached. 

The  first  cartilage,  which  is  directly  united  to  the  sternum  without 
articular  cavity,  usually  becomes  more  or  less  ossified  m  the  adult  male  ;  and 
the  others  likewise  exhibit  a  considerable  tendency  to  ossify  m  advanced 
life.  This  tendency  is  not  so  great  in  the  female,  in  whom  costal  respiration 
is  generally  more  extended  than  in  the  male. 

THE  THORAX  AS  A  WHOLE. 

The  thorax  is  of  a  somewhat  conical  shape,  with  convex  walls.  Its  upper 
inlet  is  contracted,  and  bounded  by  the  first  dorsal  vertebra,  the  first  pair  of 
ribs  and  the  manubrium  of  the  sternum.  Its  inferior  margin  curves  down- 
wards and  backwards  on  each  side  from  the  ensiform  process  to  the  twelfth 


Fig.  23. — Front  view  of  the  Thokax,  Fig-  23. 

snowiNG  THE  Sternum  Costal  Carti- 
lages, Ribs,  and  Dorsal  VERTEBRiB.  i 
1,  the  manubrium,  or  first  piece  of  the 

sternum  ;  2,  is  close  to  the  place  of  union 

of  the  first  costal  cartilage  ;  3,  the  clavicular 

notch  ;  4,  the  middle  of  the  body  of  the 

sternum ;  5,  the  ensiform  piece ;    6,  the 

groove  on  the  lower  border  of  the  ribs  ;  7, 

the  vertebral  end  of  the  ribs ;  8,  the  neck ; 

9,  tubercle;  10,  costal  cartilage;  12,  the 

first  rib  ;  13,  its  tuberosity  ;  14,  the  first 

dorsal  vertebra  ;  15,  the  eleventh  ;  16,  the 

twelfth  rib. 

rib.  Its  longitudinal  axis  is  directed 
upwards  and  slightly  backwards.  Its 
transverse  diameter,  at  its  widest  part, 
greatly  exceeds  that  from  before  back- 
wards. The  latter  is  shortened  in 
the  middle  line  by  the  projection  of 
the  vertebral  column,  but  on  each 
side  of  the  column  a  considerable  ex- 
tension of  the  cavity  is  produced  by  the  backward  direction  of  the  posterior 
parts  of  the  ribs,  and  thus  the  weight  of  the  body  is  thrown  further  back 
and  more  equally  distributed  round  the  vertebral  column.  At  the  same 
time  a  broad  furrow  is  produced  between  the  spines  of  the  vertebrae  and  the 
angles  of  the  ribs,  in  which  are  placed  the  erectores  spinse  muscles. 


DEVELOPMENT  OP  THE  RIBS  AND  STERNUM. 

The  first  origin  of  the  posterior  parts  of  the  ribs  in  connection  with  the 
primordial  vertebrae  has  been  already  mentioned.  In  the  second  month 
cartilage  appears  in  them,  deposited  independently  of  the  vertebrfe. 
Difierent  opinions  have  been  held  as  to  whether  the  tubercle  or  the  head 
of  the  rib  is  the  primary  point  of  its  connection  with  the  vertebra  :  it  appears 
probable  that  the  whole  extent  from  head  to  tubercle  is  an  expansion  of  the 
original  connection.  (KoUiker,  "  Entwicklungsgescliichte,"  fig.  81  ;  Rathke, 
"  Entwick.  der  Natter ; "  Huxley,  "On  the  Theory  of  the  Vertebrate  Skull," 
p.  74.)  After  becoming  cartilaginous,  the  ribs  pass  round  in  the  visceral 
wall,  and,  according  to  Rathke,  before  reaching  the  front,  the  first  seven  on 
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each  side  .are  united  together  at  then-  anterior  extremities  in  two  longitudinal 
strips  of  cartilage,  which  afterwards  jom  together  in  the  middle  line  to 
form  the  sternum. 


Fig.  24. — Ossification  op  the  Steenum. 

A,  the  cartilaginous  sternum  befoie  the  middle  of  fcetal  life. 

B,  the  sternum  of  a  child  at  birth.  1,  2,  3,  &  4,  mark  the  commencing  ossiGc  nuclei 
for  the  manubrium  and  three  upper  pieces  of  the  body. 

C,  the  sternum  soon  after  puberty,  showing  cartilage  between  the  maniibriuin  and 
body,  and  imperfect  union  of  the  first,  second,  and  third  pieces  of  the  body,  while  the 
third  and  fourth  are  united. 

D,  shows  an  example  of  a  sternum  at  birth  with  an  unusual  number  of  ossific 
centres,  six  in  the  manubrium,  1',  which  is  very  uncommon  ;  two  pairs  in  the  lower 
pieces  of  the  body,  3'  &  4',  which  is  not  unusual ;  2,  the  single  centre  of  the  first  piece  of 
the  body. 

E,  exhibits  an  example  of  the  perforated  sternum  which  probably  depends  upon  the 
imperfect  union  of  the  pairs  of  ossific  nuclei  shown  in  D  in  the  lower  part  of  the  body  ; 
this  figure  also  shows  two  episternal  bones  or  granules,  *  *. 

Ossification.  ■ — Each  of  the  ribs  is  ossified  from  one  principal  centre,  and 
possesses  two  small  epiphyses, — one  belonging  to  the  head,  and,  except  in 
the  last  two  ribs,  another  belonging  to  the  tubercle. 

The  sternum  is  ossified  in  a  number  of  separate  pieces,  one,  at  least,  for 
each  segment ;  the  manubrium  sometimes  possesses  two,  placed  one  above 

FicT.  25.  Fig.  25. — One  op  the 

Middle  Ribs  of  a 
Person  about  eigh- 
teen OR  TWENTY 
YEARS  OF  AGE. 

Showing,  at  1,  the 
principal  piece  or  body ; 
2,  the  epiphysis  of  the 
head  ;  3,  that  of  the 
tubercle. 

the  other,  and  has 
been  found  with  a 
greater  number.  The 
third,  fourth,  and 
fifth  segments,  as  well  as  the  ensiform  portion,  are  frequently  formed 
each  from  two  nuclei  placed  side  by  side,  which  may  remain  distinct  for 
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a  considerable  time  ;  the  second  segment  has  rarely  more  than  one 
iincleus.  Additional  nuclei  occasionally  appear  between  some  of  the 
segments. 

PERIODS  OF  OSSIFICATION  OF  THE  BIBS  AND  STERNUM. 

In  '■''^.^^^^pj.jjjpjp^j  centres  appear  in  the  7th  or  8th  week  (foetal  life). 

The  epiphyses  appear  from  the  Kith  to  the  20th  year. 

The  shaft  and  epiphyses  unite  about  the  25th  year. 
In  the  sternum—  _ 

Ossification  in  the  first  segment  appears  m  the  6th  or  7th  month  (foetal  hte). 

Ossification  in  the  second  segment  appears  in  the  7th  or  8th  month  (foetal  life). 

Ossification  in  tlie  third  and  fourth  segments  appears  shortly  before  birth. 

Ossification  in  the  fifth  segments  appears  in  the  1st  year  or  later. 

Ossification  in  the  sixth  or  ensiform  segment  appears  very  variously  from  the  6th 
to  the  15th  year,  or  later. 

The  lower  segments  of  the  body  unite  after  puberty. 

The  upper  segments  of  the  body  unite  from  the  25th  to  the  30th  year. 

The  body  and  ensiform  segment  generally  unite  in  middle  age. 

The  manubrium  and  body  unite  in  old  age. 


THE  BONES  OF  THE  SKULL. 

The  skull  is  of  a  spheroidal  figure,  compressed  on  the  sides,  broader 
behind  than  before,  and  supported  on  the  vertebral  column.  It  is  formed  of 
a  number  of  bones,  all  of  which,  with  the  exception  of  the  lower  jaw,  are 
almost  immovably  united  together  by  lines  and  narrow  surfaces,  more  or  less 
uneven,  termed  sutures.  The  skull  is  divided  by  anatomists  into  two  parts, 
the  cranium  and  the  face.  The  cranium  protects  tbe  brain  ;  the  face 
surrounds  the  mouth  and  nasal  passages,  and  completes  with  the  cranium  the 
cavities  for  the  eyes.  The  cranium  is  composed  of  eight  bones,  viz.  :  the 
occipital,  two  parietal,  the  frontal,  two  temporal,  the  sphenoid,  and  the 
ethmoid.  The  face  is  composed  of  fourteen  bones,  of  which  twelve  are  in 
pairs,  viz. :  the  siqnrior  maxillary,  malar,  nasal,  palate,  lachrymal,  and 
inferior  turbinated  bones ;  and  two  single,  viz. ,  the  vomer,  and  the  inferior 
maxilla, 

THE  OCCIPITAL  BONE. 

The  occipital  bone  is  situated  at  the  lower  and  back  part  of  the  cranium. 
Its  general  form  is  that  of  a  curved  lozenge  concave  superiorly,  through 
which,  in  its  lower  and  anterior  part,  parses  a  large  oval  foramen,  form- 
ing the  communication  between  the  cranium  and  spinal  canal.  The  bone 
thus  presents  four  borders  and  four  angles,  which  receive  names  according 
to  their  position.  The  portion  of  the  bone  behind  the  foramen  is  tabular, 
that  iu  front  of  the  foramen  forms  a  thick  mass  named  basilar  process,  and 
the  parts  on  the  sides  of  the  foramen,  bearing  the  condyles  or  articulating 
processes  by  which  the  head  is  supported  on  the  first  vertebra,  ore  dis- 
tinguished as  the  condyloid  portions. 

The  occipital  bone  articulates  by  its  two  superior  borders  with  the  parietal 
bones,  and  by  its  two  inferior  borders  with  the  temporal  bones,  while  the 
extremity  of  its  basilar  process  is  united  to  the  body  of  the  sphenoid,  in  the 
young  condition  by  cartilage,  but  after  the  age  of  twenty  years  by  con- 
tinuous osseous*  substance. 

*  Heticc  Soemraerring  described  the  occipital  and  sphenoid  as  a  single  bone  under  the 
name  sphono-occipital,  or  basilar. 
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The  TABULAR  PORTION  ou  its  posteHoT  surface  presents  a  rough  prominence, 
the  external  occipital  protuberance,  arching  outwards  from  which,  on  each 

Fig.   26.  —  Occipital  Bone 

FKOM  BKLOW  AND  BEHIND, 

suowiNU    TUE  External 

SUBFAOB.  )^ 

1,  basilar  process ;  2,  con- 
dyloid portion,  the  probe 
marks  the  anterior  condyloid 
foramen  ;  3,  jugular  or  trans- 
verse process  ;  4,  external  or 
lateral  angle ;  5,  superior 
angle  ;  6,  superior  curved  line  ; 
7,  external  or  posterior  occi- 
pital protuberance  ;  7,  8,  ex- 
ternal occipital  crest  ;  9,  in- 
ferior curved  line  ;  10,  groove 
and  ridge  connected  with  the 
attachment  of  the  superior 
oblique  muscle;  11,  foramen 
magnum ;  12,  articular  con- 
dyle ;  immediately  above  it 
the  posterior  condyloid  fora- 
men. 

side,  is  the  superior  occi- 
pital ridge  or  curved  line, 
which  divides  the  surface 
into  two  parts,  the  upper, 

covered  by  the  hairy  scalp,  convex  and  uniform  ;  the  lower,  uneven  and 
marked  by  the  impressions  of  the  muscles  of  the  neck  which  are  attached 


Fig.  27. 


Fig.  27.  —  Occipital  Bone 
from  before,  showing  the 
Internal  Surface.  4 
1,  basilar  process  sawn 
through  at  the  place  of  union 
with  the  sphenoid  bone ;  2, 
condyloid  portion  ;  3,  jugular 
or  transverse  process  ;  x  ,  be- 
tween 2  &  3,  the  sigmoid 
groove  of  the  lateral  sinus  and 
jugular  notch  ;  4,  external  or 
lateral  angle  ;  5,  superior 
angle  ;  1  to  3,  the  edge  of 
articulation  with  the  petrous 
bone;  3  to  4,  with  the  mas- 
toid bone;  4  to  5,  with  the 
parietal  bone;  11,  foramen 
magnum  ;  13,  internal  occipi- 
tal protuberance  and  groove  of 
the  torcular  Heropbili ;  14,  in- 
ferior spine  ;  15,  groove  of  the 
lateral  sinus  ;  from  5  to  13, 
groove  of  the  superior  longitu- 
dinal sinus ;  16,  cerebral  fossa ; 
17,  cerebellar  fossa. 

^  to  it.     This  lower  surface 

is  divided  into  two  lateral  portions  by  a  median  ridge  called  the  external 
occipital  crest  or  spine,  and  each  of  these  poitions  is  agam  divided  mto 
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aa  upper  and  a  lower  surface  by  the  inferior  curved  line  or  ridtje,  which, 
after  extoudiu"  some  distance  outwards,  is  met  by  a  ridge  aud  groove  piussing 
from  before  brckwards.  These  surfaces  mark  the  attachments  of  the  rectus 
capitis  major  aud  minor,  and  of  the  obliquus  capitis  superior  muscles. 

The  deep  surface  of  the  boue  is  marked  by  two  crucial  smooth  ridges,  one 
extending  from  the  upper  angle  to  the  great  foramen,  and  the  other  trans- 
vei-sely  from  one  lateral  angle  to  the  other,  and  at  the  point  of  intersection 
of  these  ridges  is  the  internal  occipital  protuberance.  Separated  by  these 
ridges  are  four  hollows,  the  superior  and  inferior  occipital  fossae,  which  lodge 
respectively  the  posterior  cerebral  and  the  cerebellar  lobes.  The  superior  aud 
transverse  ridge.s  are  grooved  in  the  course  of  the  longitudinal  and  lateral 
veuous  sinuses' respectively.  The  space  where  those  grooves  meet  at  the  in- 
ternal occipital  protuberance  receives  the  torcular  HerophilL  The  inferior 
ridf^e  is  single,  and  is  named  the  internal  occipital  crest  or  spine.  The 
margins  of  the  tabular  portion  are  deeply  serrated  above  the  lateral  angles 
for  articulation  with  the  parietal  bones,  and,  below  that  level,  with  the 
mastoid  portions  of  the  temporal  bones. 

The  coNPyLOiD  portions  bear  the  articulating  condyles  on  their  inferior 
surface,  close  to  the  margin  of  the  foramen  magnum.  The  condyles  are  so 
placed,  that  a  line  touching  their  posterior  extremities  would  cross  the 
middle  of  the  foramen  magnum.  They  are  elliptical  and  placed  obliquely 
so  as  to  converge  in  front  ;  their  surfaces  are  convex  from  behind  forwards 
and  from  side  to  side,  and  slightly  everted.  Their  inner  borders  are 
rough,  and  receive  the  insertion  of  the  odontoid  ligaments  of  the  axis. 
In  front  and  to  the  inside  of  the  condyles  are  the  anterior  condyloid 
foramina,  which  pass  forwards  and  outwards  from  the  interior  of  the 
cranium,  and  transmit  the  hypoglossal  nerves.  Behind  the  condyles  are 
two  pits,  containing  usually  the  posterior  condyloid  foramina ;  each  of 
these  gives  passage  to  a  vein  ;  but  they  are  often  absent  on  one  or  both 
sides.  Externally  to  the  condyle,  on  each  side,  is  a  portion  of  bone, 
which  is  placed  over  the  transverse  process  of  the  atlas,  continuous  pos- 
teriorly with  the  tabular  part,  and  anteriorly  having  a  free  excavated 
margin,  the  jugular  notch,  which  contributes  with  a  fossa  in  the  temporal 
bone  to  form  the  foramen  lacerum  jugulare  ;  its  external  extremity  pro- 
jects into  the  angle  between  the  mastoid  and  petrous  portions  of  the 
temporal  bone,  and  is  called  the  jugular  eminence.  This  process  presents 
inferiorly  a  rough  elevation,  which  gives  attachment  to  the  rectus  capitis 
lateralis  muscle  ;  and  superiorly  a  deep  groove  for  the  lateral  sinus  before 
it  terminates  in  the  jugular  notch. 

The  BASILAR  PROCESS  projects  forwards  and  upwards  into  the  middle  of 
the  base  of  the  skull.  It  increases  in  thickness  and  diminishes  in  breadth 
towards  its  extremity.  Inferiorly  it  gives  attachment  to  the  rectus  capitis 
anticus  major  and  minor  muscles  aud  the  fibrous  band  of  the  pharynx.  Its 
superior  surface  presents  a  smooth  depression,  the  basilar  groove,  which 
supports  the  medulla  oblongata,  and  close  to  each  lateral  mai-giu  a  slight 
grooved  mark,  which  indicates  the  place  of  the  inferior  petrosal  sinus. 

Varieties. — The  upper  and  lateral  angles  vary  greatly  in  the  degree  of  their  acute- 
ncss.  The  upper  borders  are  subject  to  considerable  variation,  from  tlie  presence 
of  033a  triquclra.  The  condyles  vary  greatly  in  .size,  prominence,  and  convexity, 
and  arc  often  somewhat  unsymmetrical.  In  some  old  subjects  there  is  a  mark  at  the 
back  of  the  foramen  magnum,  where  the  occiput  rests  on  the  posterior  arch  of  the  atlas. 
Occasionally  theie  is  a  projection  downwards  from  the  jugular  process,  resembling 
the  descending  lateral  process  found  in  most  mammals. 
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THE  PARIETAL  BONE. 

The  parietal  bones  form  a  principal  part  of  the  roof  of  the  skull.  They 
have  the  shape  of  quadrilateral  plates,  convex  externally,  concave  internally. 
They  are  a  little  broader  above  than  below,  and  the  anterior  inferior  angle 
is  the  most  acute.  They  articulate  with  one  another  in  the  middle  line, 
with  the  frontal  bone  anteriorly,  the  occipital  posteriorly,  and  the  temporal 
and  sphenoid  below. 


Fig.  28.  Fig.  28. — External  suRi' ace  of 

THB  RIGHT  Parietal  Bone.  J 

1.  Posterior  snperior  .angle  ; 
2,  anterior  superior  angle  ;  3, 
posterior  inferior  angle  ;  4,  ante- 
rior inferior  angle  ;  from  1  to  2, 
superior  border  in  the  sagittal 
suture  ;  from  2  to  4,  anterior 
bonier  in  the  coronal  suture ; 
from  1  to  3,  posterior  border  in 
the  lambdoidal  suture ;  from 
4  to  6,  the  part  of  the  inferior 
border  in  the  squamous  suture; 
from  3  to  6,  the  part  in  the  ad- 
ditamentum  suturaj  squaraos.'E  ; 
5,  the  temporal  or  semicircular 
line  above  which  is  the  parietal 
eminence. 

On  the  outer  surface,  the 
point  of  greatest  convexity 
is  called  the  parietal  emi- 
nence. Below  this  a  curved 
line  is  directed  from  the 
anterior  to  the  lower  part  of  the  posterior  margia  ;  it  is  the  parietal  part 
of  the  temporal  ridge,  and  bounds  a  surface  somewhat  flatter  than  the  rest, 

planum  temjporale,  which 
forms  part  of  the  tempo- 
?  ral  fossa.   ISTear  the  pos- 

vr^fwjWifyy^j  terior  and  upper  angle, 

w^UtiMi^t&hnnr,.  1  close  to  the  middle  line, 

there  is  often  a  small 
perforation  of  variable 
dimensions,  the  ^ja7"iefaJ 
foramen,  which  tnms- 
mits  a  communicating 
vein. 

Fig.  29.  —  The  Parietal 
Bone  from  the  Inside.  5 

1,  2,  3,  4,  &  6  indicate 
the  same  parts  as  in  the  last 
figure :  between  1  &  2  the 
half  groove  of  the  superior 
longitudinal  sinus  ;  7,  the 
ramified  grooves  of  the 
meningeal  vessels ;  at  x  this 
groove  is  converted  into  a 
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canal,  and  throngliont  the  inner  surface  the  dimpling  of  the  convolutions  of  the  cerctrum  ; 
8,  the  parietal  foramen  ;  9,  the  irregular  pits  for  the  glaudulu;  Paccliionii. 

On  the  inner  surface,  the  hollow  corresponding  to  the  eminence  is  called 
the  parietal  fossa.  This  surface  is  marked  by  grooves  branching  upwards  and 
backwards,  corresponding  with  the  course  of  the  middle  meningeal  vessels, 
and  by  depressions  corresponding  with  the  convolutions  of  the  brain.  A 
slight  depression  along  tho  superior  border  completes  with  the  one  of  the 
opposite  side  a  groove  marking  the  course  of  the  longitudiiial  sinus  ;  and  a 
depression  at  the  posterior  inferior  angle  forms  a  small  part  of  the  groove 
of  the  lateral  sinus.  Near  the  upper  border  there  are  in  most  skulls,  but 
particularly  in  those  of  old  persons,  small  irregular  pits,  fovece  glandulares, 
the  result  of  absorption  produced  by  the  so-named  glandulae  PacchionuL 

Borders. — The  anterior,  superior,  and  posterior  borders  are  serrated.  The 
inferior  border  presents  in  the  greater  part  of  its  extent  a  sharp  or  squa- 
mous edge,  with  a  slightly  fluted  surface  directed  outwards  and  overlapped  at 
its  anterior  extremity  by  the  great  wing  of  the  sphenoid,  and  behind  that 
by  the  squamous  part  of  the  temporal  bone  ;  but  at  its  posterior  part  it  is 
serrated,  and  articulates  with  the  mastoid  portion  of  the  temporal.  The 
posterior  border  is  the  most  deeply  serrated.  The  anterior  border  is  slightly 
overlapped  by  the  frontal  bone  above,  but  overlaps  the  edge  of  that  bone 
inferiorly. 

THE  FRONTAI.  BONE. 

The  frontal  bone,  arching  upwards  and  backwards  from  above  the  orbits, 
forms  the  fore  part  of  the  vault  of  the  skull.  It  likewise  presents  inferiorly 
two  thin  horizontal  laminjB,  the  orbital  plates,  which  form  the  roofs  of  the 
orbits  and  are  separated  by  a  mesial  excavation,  the  incisura  ethmoidalis. 


Fig.  30. — Fkontal  Bone  prom 

BEFORE,  SHOWING  ITS  ExTER- 


Fig.  30. 


NAi.  Surface. 


1,  frontal  protuberance ;  2,  na- 
sal spine,  and  above  this  the  ser- 
rated surface  for  articulation  of 
the  nasal  and  superior  maxillary 
bones ;  3  to  4,  supra-orbital  edge 
— 3,  internal,  and  4,  external  an- 
gular process  ;  5,  supra-orbital 
notch  or  foramen ;  6,  glabella ; 
7,  superciliary  eminence  and 
ridge  ;  8,  temporal  ridire,  and 
behind  this  a  part  of  the  tem- 
poral fossa. 


The  frontal  is  articulated 
with  twelve  bones,  viz., 
posteriorly  with  the  parie- 
tals  and  sphenoid;  outside 
the  orbits  with  the  malars  ; 
and  between  the  orbits, 
from  before  backwards,  with 

the  nasal,  superior  maxillary,  lachrymal  and  ethmoid  bones. 

Anterior  Surface.— Tho  part  forming  the  greatest  convexity  of  the  fore- 
head on  each  side  is  called  the  frontal  eminence.  It  is  separated  by  a 
alight  depression  below  from  the  superciliary  ridge,  a  curved  elevation  of 
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varying  prominence  immediately  above  the  margin  of  the  orbit.  Between 
the  superciliary  ridges  is  the  nasal  eminence  or  glabella.  The  margin  of  the 
orbit,  the  orbital  arch,  is  most  defined  towards  its  outer  part ;  it  presents 
towards  its  inner  third  the  supra-orbital  notch,  sometimes  converted  into  a 
foramen,  which  transmits  the  supra -orbital  nerve  and  artery.  The  ex- 
tremities of  the  orbital  arch  point  downwards,  and  form  the  internal  and 
external  angular  processes.  The  internal  angular  process  is  slender ;  the 
external  is  thick  and  strong,  and  articulates  with  the  malar  bone.  The 
temporal  ridge  springs  from  the  external  aspect  of  this  process,  and 
arches  upwards  and  backwards  to  be  continued  on  the  parietal  bone  :  it 
sepai'ates  the  temporal  from  the  frontal  part  of  the  outer  surface  of  the 
bone. 

Inferior  Sui'face. — The  orbital  surfaces  are  somewhat  triangular,  their 
internal  margins  being  parallel,  while  the  external  are  directed  backwards 
and  inwards.  Close  to  the  external  angular  process  is  the  fossa  lachry- 
7nalis,  which  lodges  the  lachrymal  gland  ;  and  close  to  the  internal  angular 
process  is  the  fovea  trochlearis,  a  small  depression  to  which  the  pulley  of  the 
trochlearis  muscle  is  attached.  Between  the  orbits  in  front  is  the  serrated 
surface  which  articulates  with  the  superior  maxillary  and  nasal  bones,  and  in 
the  middle  line  a  sharp  process  of  variable  length,  the  nasal  spine,  descends 
between  the  latter  bones  and  the  central  plate  of  the  ethmoid.  On  the 
sides  of  the  incisura  ethmoidalis,  the  inner  table  of  the  bone  extends  nearer 
the  middle  line  than  the  outer,  and  the  intervening  margin  is  thrown 
into  shallow  spaces,  which  form  the  roofs  of  cells  in  the  ethmoid  bone. 
Traversing  this  margin  are  two  grooves,  which  complete,  with  the  eth- 
moid, the  anterior  and  posterior  internal  orbital  foramina.  The  ante- 
rior groove  transmits  the  nasal  twig  of  the  ophthalmic  nerve  and  the 
anterior  ethmoidal  vessels  ;  the  other,  the  posterior  ethmoidal  vessels. 
Further  forward,  on   each  side  of  the  nasal  spine,  is  a  larger  hollow, 

the  opening  of  the  frontal 
pj^  gl  sinus,  which  extends  for  a 

variable  distance  behind  the 
supercUiary  ridges,  and  which 
communicates  with  the  cavity 
of  the  nose.  Outside  the  orbi- 
tal surface  behind  the  serrated 
border  for  the  malar  bone, 
there  is  a  large  serrated  tri- 
angular area  which  articulates 
with  the  great  wing  of  the 
sphenoid. 


Fig.  31. — The    Frontal  Bone 

FKOM  BEHIND  AND  BELOW, 
SHOWING  THE   InTEKNAL  CkRK- 

BRAL  Surface  and  the  Roof  of 
THE  Orbits.  ^ 

2,  4,  and  5,  as  in  the  preceding 
figure;  9,  internal  or  cerebral 
surface,  slightly  marked  by  cere- 
bral convolutions  and  glandular 
pits  ;  10,  groove  of  the  superior 
longitudinal  sinus,  ending  below  in, 
11,  the  internal  frontal  crest,  which  leads  down  to,  13,  the  foramen  cajcum;  12  the 
orbital  plate,  the  number  is  placed  in  the  depression  for  the  lachrymal  glaad  ,  14,  the 
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opening  of  the  frontal  sinus  ;  16,  placed  near  the  inside  of  the  roof  of  the  orbit  indicates 
the  iiiuer  ends  of  the  ethmoidal  or  internal  orbital  foramina. 

Cerebral  Surface. — This  surface  forms  a  largo  concavity,  but  the  roofd 
of  the  orbital  plates,  which  form  its  floor,  are  convex  from  side  to  side. 
It  is  covered  with  digitate  impressions,  which,  with  the  intervening  ridges, 
are  strongly  mai'ked  over  the  orbits.  A  groove,  the  sulcus  frontalis,  which 
lodges  the  commencement  of  the  longitudinal  sinus,  ascends  in  the  middle 
of  the  upper  part  of  the  bone  ;  its  margins  approach  iuferiorly,  and  are 
elevated  into  a  ridge,  the  crista  frontalis.  A  small  foramen,  usually  formed 
in  part  by  the  central  plate  of  the  ethmoid,  is  situated  at  its  base  ;  it  is 
known  as  the  foramen  cceciim,  but  transmits  a  minute  vein  from  the  nasal 
fossse.  This  surface  is  boimded  posteriorly  by  a  thin  linear  border,  which 
articulates  with  the  lesser  wings  of  the  sphenoid,  and  superiorly  and 
laterally  by  a  serrated  border,  which  articulates  with  the  parietals,  and 
which,  as  has  before  been  mentioned,  slightly  overlaps  those  bones  above, 
and  is  overlapped  by  them  at  the  sides. 

THE  TJEMPORAI  BONE. 

The  temporal  bone  (os  temporis)  takes  part  in  the  construction  of  the 
side  and  base  of  the  skull,  and  contains  in  its  interior  the  organ  of  hearing. 
It  is  usually  described  in  three  parts,  viz.,  an  expanded  anterior  and  superior 
part  the  squamous  portion,  a  much  thicker  posterior  portion  the  mastoid, 
and  below  and  between  these  the  petrous  portion,  a  three-sided  pyramid 
exhibiting  at  its  base  externally  the  aperture  of  the  ear  and  projecting 
forwards  and  inwards  into  the  base  of  the  skull. 

It  articulates  posteriorly  and  internally  with  the  occipital  bone,  superiorly 
with  the  parietal,  anteriorly  with  the  sphenoid  and,  by  the  zygomatic  pro- 
cess, with  the  malar. 

The  SQUAMOUS  poution  extends  forwards  and  upwards  from  its  connection 
with  the  other  portions,  and  presents  superiorly  an  arched  border  which 
describes  about  two-thirds  of  a  circle. 

Fig.   32.— Right  Teu- 
PORAL  Bone  pbom  the 

OUTSIDE,  § 

1,  the  externa]  surface 
of  the  squamous  part ;  2, 
the  zygoma  ;  3,  the  mas- 
toid part ;  3  x  ,  the  mas- 
toid process  ;  4,  the  arti- 
cular part  of  the  glenoid 
fossa ;  5,  the  articular 
eminence  at  the  root  of 
the  zygoma,  and  above  it 
the  tubercle ;  6,  fissure 
of  Glaser ;  7,  the  tympanic 
plate  formingthe  posterior 
non-articular  part  of  the 
glenoid  fossa,  terminating 
behind  in  the  vaginal  pro- 
cess ;  8,  the  meatus  audi- 
torius  externus ;  9,  the 
auditory  process  ;  10,  the 
styloid  process  ;  13  x  , 
the  mastoid  foramen. 

The  inner  surface  is  marked  by  cerebral  impressions,  and  by  meningeal 
grooves.    At  its  upper  border,  the  outer  table  is  prolonged  considerably 
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beyond  the  inner,  forming  a  thin  scale  with  tho  rough  surface  looking 
inwards  and  overlapping  the  corresponding  bevelled  edge  of  the  parietal 
bone.  Bnt  in  front  the  border  is  thicker,  looks  directly  forwards,  and  is 
serrated  for  articulation  with  the  great  wing  of  the  sphenoid  bone. 

The  outer  surface  is  in  its  greatest  extent  vertical,  with  a  slight  con- 
vexity, and  forms  part  of  the  temporal  fossa.  From  its  lowest  part  a  long 
process,  the  zygoma,  takes  origin. 

The  zygoma,  or  zygomatic  process,  is  at  its  base  of  considerable  breadth, 
and  projects  outwards.  It  then  becomes  narrower,  and  is  twisted  on  itself 
so  as  to  present  an  outer  and  inner  surface,  and  a  sharp  upper  and  lower 
border.  The  superior  margin  is  the  thinnest,  and  is  prolonged  furthest 
forwards.  The  bevelled  extremity  is  serrated,  and  articulates  with  the  malar 
bone.  At  its  base  the  zygomatic  process  presents  two  roots.  The  anterior 
root  is  a  broad  convex  ridge,  directed  inwards.  The  posterior  root  passes 
backwards,  and  is  divided  into  two  parts,  of  which  one  turns  inwards  in 
front  of  the  meatus  externus,  while  the  other,  gradually  subsiding,  is 
continued  backwards  over  that  opening,  and  marks  behind  it  the  line  of 
union  of  the  squamous  and  mastoid  portions  of  the  bone.  At  the  point  of 
division  of  the  two  roots  is  a  slight  tubercle,  which  gives  attachment  to 
the  external  lateral  ligament  of  the  lower  jaw.  Between  them  is  the  glenoid 
fossa,  a  depression  elongated  from  without  inwards,  and  which,  together  with 
a  cylindrical  elevation  on  the  anterior  root  of  the  zygoma  in  front  of  it, 
is  coated  with  cartilage,  and  forms  the  articular  surface  for  the  joint  with 
the  lower  jaw.  The  fissure  of  Glaser  separates  this  articular  part  of  the 
glenoid  fossa  from  the  remaining  part  behind,  which  is  formed  by  the 
tympanic  plate  of  the  petrous  division  of  the  temporal  bone  and  lodges  a 
portion  of  the  parotid  gland. 

Fig.  33.  — The  Eight  Tem- 
poral Bone  from  the 
innkr  side.  i 

The  indications  -where 
marked  are  the  same  as  in 
the  preceding  figure.  11,  the 
inner  or  cerebral  surface  of 
the  squamous  portion ;  11  x  , 
the  squamous  edge  ;  12, 
inner  surface  of  the  mastoid 
portion  ;  13,  the  sigmoid 
groove  of  the  lateral  sinus — 
the  figure  is  placed  at  its 
upper  part,  and  close  to  the 
mastoid  foramen  ;  14,  the 
apex  of  the  petrous  bone ; 
15,  the  meatus  auditorius 
internus ;  16,  the  shelf  of 
bone  covering  the  aqueduct  of 
the  vestibule  ;  17,  is  above  the 
aqueduct  of  the  cochlea  ;  18, 
the  superior  petrosal  groove  ; 
19,  the  eminence  of  the  supe- 
rior semicircular  canal  ;  W, 
the  hiatus  Fallopii. 

The  MASTOID  PORTION  is  rough  externally  for  the  attachment  of  muscles, 
and  is  prolonged  downwards  behind  the  aperture  of  the  ear  into  a  nipple- 
shaped  projectfon— the  mastoid  process.  This  process  forms  the  outer  wall  of 
a  deep  groove  on  its  inner  side,  the  digastric  fossa,  which  gives  attachment  to  the 
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digastric  muscle ;  and  internal  to  that  is  the  slight  occipital  groove,  for  the  occi- 
piHl  artery  The  internal  surface  of  the  mastoid  portion  is  marked  by  a  deep 
8i..moid  depression,  descending  in  the  angle  between  it  and  the  petrous  portion, 
which  is  part  of  the  groove  of  the  lateral  sinus.  A  passage  for  a  vem,  of 
very  variable  size,  the  mastoid  foramen,  usuaUy  pierces  the  bone  near  its 
posterior  mai'gin,  and  opens  into  the  groove. 

Fig.  34. 

Fi„.  34. —The  Right  Temporal  Bone  prom 

BELOW.  S 

The  indications  where  marked  are  the  same 
as  in  the  preceding  figures.  14,  is  at  tlie  apex 
of  the  petrous  bone  in  the  upper  opening  of 
the  carotid  canal  ;  21,  lower  rough  surface  of 
the  petrous  bone  ;  22,  the  lower  opening  of 
the  carotid  canal;  23,  the  small  foramen  of 
Jacobson's  nerve;  24,  the  jugular  depression, 
and  within  it,  25,  the  foramen  of  Arnold's 
nerve  ;  26,  stylo-mastoid  foramen— the  figure 
is  placed  in  the  anterior  part  of  the  digastric 
groove ;  27,  groove  of  the  occipital  artery  ; 
23,  place  of  the  anterior  opening  of  the  osseous 
Eustachian  caual. 

The  PETROUS  PORTION  is  named  from 
its  hardness.  It  contains  the  organ  of 
hearing.  It  forms  a  three-sided  pyra- 
mid, with  its  base  directed  outwards, 
one  surface  looking  downwards,  and 
the  other  two  turned  towards  the  interior  of  the  skull. 

Inferior  surface,  base  and  apex. — At  the  base  is  the  aperture  of  the  ear. 
It  forms  a  short  canal,  the  meatiis  auditorius  externus,  directed  inwards 
and  a  little  forwards,  narrower  in  the  middle  than  at  its  extremities,  and 
leading  into  the  cavity  of  the  tympanum.  It  is  bounded  superiorly  by 
the  posterior  root  of  the  zygoma,  and  posteriorly  in  the  remainder  of  its 
circumference  chiefly  by  the  external  auditory  process,  a  curved  uneven 
border,  to  which  the  cartilage  of  the  ear  is  attached.  This  process  is  the 
thickened  outer  extremity  of  the  tympanic  plate,  a  lamina  one  surface  of 
which  forms  the  anterior  wall  of  the  external  auditory  meatus  and  the  tympa- 
num, while  the  other  looks  forwards  and  downwards.  The  anterior  margin 
of  the  tympanic  plate  is  sepai'ated  from  the  glenoid  fossa  by  the ^isswe  of  Glaser, 
which  communicates  with  the  tympanum,  while  its  posterior  margin  descends 
as  a  sharp  edge,  the  vaginal  process,  which  partly  surrounds  the  front  of  the 
styloid  process  at  its  base.  The  styloid  process  is  long  and  tapering,  and  is 
directed  downwards  and  forwards.  It  is  placed  in  front  of  the  digastric  fossa, 
and  has  immediately  behind  it  the  foramen  which  forms  the  outlet  of  the 
canal  of  the  facial  nerve,  named  stylo-mastoid  from  its  position  between  the 
styloid  and  mastoid  processes.  A  smooth  rounded  and  deep  depression, 
the  jug^dar  fossa,  lies  internal  to  the  styloid  process  ;  it  is  close  to  the  posterior 
margin  of  the  bone,  and  completes  with  the  jugular  notch  of  the  occipital 
bone  the  foramen  lacerum  posterius.  In  front  and  a  little  to  the  inside  of 
the  jugular  fossa  is  the  carotid  foramen,  the  inferior  extremity  of  the  carotid 
canal  ;  and  internal  to  the  carotid  foramen  is  a  rough  surface  which  gives 
attachment  to  the  levator  palati  muscle,  and  is  continued  into  the  rough 
inner  extremity,  or  ajyex  of  the  i)etrous  bone.  The  carotid  canal  ascends  at 
first  perpendicularly,  then  turns  horizontally  forwards  and  inwards,  and 
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emerges  at  the  apex,  close  to  the  anterior  margin.  It  transmits  the  internal 
carotid  artery. 

The  posterior  surface  looks  backwards  and  inwards,  and  forma  part  of 
the  posterior  fossa  in  the  base  of  the  skull.  It  presents  a  large  orifice 
leading  into  a  short  canal  which  is  directed  outwards,  the  meatus  auditorius 
mternus.  This  canal  is  terminated  by  a  lamella  of  boue,  the  lamina  crihrosa, 
presenting  in  the  lower  part  small  apertures  through  which  the  fibrils  of  the 
auditory  nerve  pass,  while  in  its  upper  part  is  the  commencement  of  the 
canal  called  aqueduct  of  Fallopius,  which  transmits  the  facial  nerve.  The 
facial  canal  takes  a  somewhat  circuitous  course  through  the  petrous  bone, 
passing  outwards  and  backwards  over  the  labyrinth  of  the  ear,  and  then 
downwards  to  terminate  at  the  stylo-mastoid  foramen. 

The  anterior  or  upper  surface,  looks  upwards  and  forwards,  and  forms  part  of 
the  middle  fossa  in  the  base  of  the  skull.  A  depression  over  the  apex  marks 
the  position  of  the  Gasserian  ganglion,  A  narrow  groove  runs  obliquely 
backwards  and  outwards  to  a  foramen  named  the  hiatiis  Fallopii,  which 
leads  to  the  aqueduct  of  Fallopius  ;  and  lodges  the  large  superficial 
petrosal  nerve.  Farther  back  is  a  rounded  eminencej  indicating  the  situa- 
tion of  the  superior  semicircular  canal. 

The  superior  border  is  gi-ooved  for  the  superior  petrosal  sinus.  The 
anterior  border  is  very  short,  and  forms  at  its  junction  with  the  squamous 
part  an  angle  in  which  is  situated  the  orifice  of  the  Uustachian  canal,  the 
osseous  portion  of  a  tube  of  the  same  name,  which  leads  from  the  pharynx 
to  the  tympanum  ;  and  above  this,  partially  separated  from  it  by  a  thiii 
lamella,  the  processus  cochleariformis,  a  small  passage  which  lodges  the  tensor 
tympani  muscle.  The  posterior  border  articulates  with  the  basilar  process 
of  the  occipital  bone,  and  bounds  the  foramen  lacerum  posterius. 


Small  foramina. — The  opening  of  the  aqueductm  vestihidi  is  a  narrow  fissure 
covered  by  a  depressed  scale  of  bone,  and  situated  on  the  posterior  surface  of  the 
petrous  bone,  about  three  lines  behind  the  internal  auditory  meatus ;  that  of  the 
aqueductus  cochlece  is  a  small  foramen,  beginning  in  a  three-sided  wider  depression 
in  the  posterior  margin,  directly  below  the  internal  auditory  meatus.  In  the  plate 
between  the  jugular  fossa  and  the  carotid  canal  is  the  foramen  by  which  the  nerve  of 
Jacobson  passes  to  the  tympanum.  In  the  ascending  part  of  the  carotid  canal  is  the 
minute  foramen  for  the  tympanic  branch  of  the  carotid  plexus.  In  the  jugular  fossa 
are  a  groove  and  foramen  for  the  auricular  branch  of  the  vagus  nerve ;  and  parallel 
to  the  hiatus  Fallopii,  close  to  the  canal  for  the  tensor  tympani  muscle,  are  a  groove 
and  foramen  for  the  small  superficial  petrosal  nerve. 


THE  SPHENOID  BONE. 

The  sphenoid,  or  wedge-shaped  bone,  is  placed  across  the  base  of  the  skull, 
near  its  middle.  It  enters  into  the  formation  of  the  cavity  of  the  cranium, 
the  orbits,  and  the  posterior  nares.  It  is  of  very  irregular  shape,  and  consists 
of  a  central  part  or  body,  a  pair  of  lateral  expansions  called  the  great  wings, 
which  form  the  largest  part  of  the  bone,  a  pair  of  much  smaller  horizontal 
processes  in  front,  called  the  small  wings,  and  a  pair  which  project  down- 
wards, the  pterygoid  processes. 

The  sphenoid  is  articulated  with  all  the  seven  other  bones  of  the  cranium 
and  with  five  of  those  of  the  face,  viz.,  posteriorly  with  the  occipital  and 
with  the  petrous  portions  of  the  temporals,  anteriorly  with  the  ethmoid 
frontal  and  malars,  laterally  with  the  squamous  portion  of  the  tempo- 
rals, the  ptirietals  and  frontals,  and  inferiorly  with  the  vomer  and  palate 
bones. 
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The  BODY.  The  superior  surface  presents  in  the  middle  a  deep  pit,  the 

pituitary  fossa,  sella  turcica,  or  ephippium,  which  lodges  the  pituitary  body. 
In  front  of  the  fossa,  separated  from  it  by  a  shallow  transverse  groove,  is  a 
narrow  portion  of  bone  on  a  level  with  the  optic  foramina,  the  olivary 
pi-ocess,  on  which  rests  the  commissure  of  the  optic  nerves  ;  and  in  front  of 
this  is'  a  surface  on  a  slightly  higher  level,  continuous  with  the  superior 
surfaces  of  the  small  wings,  and  having  a  slight  projection  forwards  of  its 
anterior  border,  which  articulates  with  the  cribriform  plate  of  the  ethmoid, 
and  is  called  the  ethmoidal  spine.  Behind  the  pituitary  fossa  is  a  prominent 
lamella,  the  dorsum  sella,  the  posterior  surface  of  which  is  sloped  upwards 
and  forwards  in  continuation  of  the  basilar  groove  of  the  occipital  bone. 
The  angles  of  this  lamella  project  over  the  fossa,  and  are  called  the  posterior 
clinoid  processes.  On  each  side  of  the  body  the  surface  descends  obliquely 
to  a  considerably  lower  level  than  the  fossa  ;  it  presents  close  to  the  margin 
of  the  fossa  a  superficial  curved  groove  directed  from  behind  forwards,  marking 
the  course  of  the  internal  carotid  artery. 


Fig.  35, 


Fig.  35. — The  Sphenoid  Bone  from  above  and  behind.  | 

1,  the  basilar  surface,  sawn  separate  from  the  occipital  bone  ;  2,  inclined  surface  of  the 
body  terminating  superiorly  in  the  two  posterior  clinoid  processes  ;  3,  is  placed  on  the 
olivary  eminence  or  process,  and  between  it  and  2  is  the  sella  turcica,  or  pituitary  fossa  ; 
in  front  of  3  is  the  transverse  groove  of  the  optic  commissure  ;  4,  the  side  of  the  body 
with  the  sigmoid  groove  of  the  internal  carotid  artery  and  cavernous  sinus  ;  5,  the  lesser 
wings  ;  x  ,  the  anterior  clinoid  process  ;  6,  the  ethmoid  spine  ;  7,  the  cerebral  surface  of 
the  greater  wings  ;  8,  the  upper  angle  of  the  great  wings,  which  articulates  with  the 
parietal  bone  ;  9,  the  spinous  process  ;  10,  the  external,  and  11,  the  internal  pterygoid 
process;  11,  is  placed  opposite  the  hamular  process  and  groove  for  the  tendon  of  the 
tensor  palati  muscle  ;  12,  the  optic  foramen  ;  13,  the  sphenoidal  fissure  or  foramen 
lacerum  orbitale  ;  14,  the  foramen  rotundum  ;  1.*),  the  foramen  ovale  ;  16,  the  foramen 
spinoBum  ;  17,  is  placed  above  the  posterior  opening  of  the  pterygoid  or  Vidian  foramen. 

The  posterior  surface  is  flat,  and  united  to  the  basilar  process  of  the 
occipital  bone,  in  early  life  by  cartilage,  but  in  adult  age  by  continuous 
bony  substance. 

Anterior  and  inferior  surfaces. — Posteriorly,  the  body  of  the  sphenoid 
is  solid,  but  anteriorly  and  inferiorly  it  contains  two  large  cavities,  the 
sphenoidal  sinuses,  separated  by  a  thin  mesial  lamina,  the  sphenoidal  septum., 
and  covered  in  front  and  below  by  the  sphenoidal  spongy  bones,  A  promi- 
nent spine,  called  the  rostrum,  formed  partly  by  the  septum,  partly  by  the 
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spongy  bonea,  dips  forwards  and  doAvnwards,  and  is  connected  with  the 
vomer.  A  thin  edge,  the  sphenoidal  crest,  extends  from  the  rostrum  to  the 
ethmoidal  spine,  and  articulates  with  the  central  plate  of  the  ethmoid. 

The  sphenoidal  spongy  bones,  cornua  sphenoidalia,  or  hones  of  Berlin,  are 
a  pair  of  thin  curved  plates,  whose  closest  anatomical  relationship  in  the 
adult  is  with  the  sphenoid  bone,  but  which  are  originally  distinct,  and  are 
frequently  united  by  earlier  or  stronger  anchylosis  with  the  ethmoid  or 
palate  bones,  so  as  to  adhere,  at  least  in  part,  to  either  of  these  in  dis- 
articulation of  the  skull,  and  thus  to  lay  open  the  sinuses  of  the  sphenoid. 
The  anterior  part  of  each  looks  forwards,  and  leaves  a  considerable  round 
opening  by  which  the  sinus  communicates  with  the  nasal  cavity ;  the  lower 
and  posterior  part  is  of  a  triangular  form,  with  the  apex  directed  backwards. 

At  the  anterior  and  outer  angle  of  the  sphenoidal  spongy  bone  is  a  small  part 
which  enters  into  the  formation  of  the  inner  wall  of  the  orbit,  articulating  in  front 
with  the  ethmoid,  behind  with  the  sphenoid,  above  by  a  small  angle  with  the  frontal, 
and  below  with  the  orbital  process  of  the  palate  bone.  It  is  most  frequently  fused  in 
the  adult  with  the  sphenoid  or  ethmoid,  often,  however,  with  the  palate  bone  only, 
and  sometimes  it  remains  free.    (See  Cleland  in  Trans,  of  Roy.  Soc.  for  1862.) 

The  GREAT  WINGS,  aim  majores,  project  outwards  and  upwards  from  the 
sides  of  the  body.  The  lower  and  back  part  of  each,  horizontal  in  direction, 
occupies  the  angle  between  the  petrous  and  squamous  portions  of  the  temporal 
bone  ;  from  its  pointed  extremity  it  sends  downwards  a  short  and  sharp 
projection,  the  spinous  process.  The  upper  and  fore  part  is  vertical,  and 
three-sided,  lying  between  the  cranial  cavity,  the  orbit,  and  the  temporal 
fossa.  The  cerebral  surface  of  the  great  wing  is  concave,  and  forms  pai-t  of 
the  middle  fossa  of  the  base  of  the  cranium.  The  external  surface  (temporo- 
zygomatic) is  divided  by  a  ridge  into  an  inferior  part,  which  looks  down- 
wards into  the  zygomatic  fossa,  and  an  elongated  superior  part,  looking 
outwards,  which  forms  a  part  of  the  temporal  fossa.  The  anterior  surface 
looks  forwards  and  inwards,  and  consists  of  a  quadrilateral  orbital  portion, 
which  forms  the  back  part  of  the  external  wall  of  the  orbit,  and  of  a  smaller 
inferior  portion  which  overhangs  the  pterygoid  process,  looks  into  the  spheno- 
maxillary fossa,  and  is  perforated  by  the  foramen  rotundum.  Posteriorly, 
the  cerebral  and  external  surfaces  are  separated  by  the  margins  which 
articulate  with  the  temporal  and  parietal  bones  ;  anteriorly,  the  superior 
divisions  of  the  external  and  anterior  surfaces  are  separated  by  ths  margin 
which  articulates  with  the  malar  bone,  while  their  inferior  divisions  come  into 
contact  with  each  other,  and  form  the  upper  part  of  the  posterior  boundary 
of  the  pterygo-maxillary  fissure  ;  internally,  the  cerebral  and  orbital  surfaces 
come  into  contact  at  the  outer  border  of  the  sphenoidal  fissure  ;  and 
superiorly,  all  three  surfaces  abut  against  the  triangular  area  which 
articulates  with  the  frontal  bone. 

The  SMALL  WINGS,  aloe  m.inores,  or  wings  of  Ingrassias,  extend  nearly 
horizontally  outwards  from  the  fore  part  of  the  superior  surface  of  the  body. 
The  extremity  of  each  is  slender  and  pointed,  and  comes  very  close  to,  but 
not  into  actual  contact  with  the  great  wing.  The  superior  surface  forms 
part  of  the  anterior  fossa  of  the  base  of  the  cranium,  the  infeiior  overhangs 
the  sphenoidal  fissure  and  the  back  of  the  orbit.  The  anterior  border,  thin 
and  serrated,  passes  directly  outwards,  and  ai-ticulates  with  the  orbital  plate 
of  the  frontal  bone.  The  posterior  border  is  prominent  and  free,  and  forms 
tlie  boundary  between  the  anterior  and  middle  cranial  fossM  :  it  is  pierced 
at  its  base  by  the  optic  foramen,  and  immedhitcly  beyond  that  projects 
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backwards,  making  a  smooth  rounded  knob,  the  arderior  clinoid  process, 
which  iucliiios  towards  the  posterior  process  of  the  same  name,  and  is 
grooved  on  its  iuner  margin  for  the  internal  carotid  artery. 

The  PTEBYGOiD  PROCESSES  project  downwards  and  slightly  forwards, 
between  the  body  and  the  great  wings.  Each  consists  of  two  plates  united 
in  front  and  diverging  behind,  so  as  to  enclose  between  them  the  i^terycjoid 
fussa.  The  exfernaJ  literijgoid  plate  Lies  in  a  plane  extending  backwards  and 
outwards  ;  its  outer  surface  bounds  the  zygomatic  fossa,  and  gives  attach- 
ment to  the  external  pterygoid  muscle.  The  internal  pterygoid  plale  is 
longer  and  narrower  than  the  external,  and  is  prolonged  into  a  slender 
process  turned  outwards  and  named  the  hook-like  or  hamular  process,  round 
which  in  a  groove  plays  the  tendon  of  the  tensor  palati  muscle.  At  its  base, 
the  internal  plate  turns  inwards  beneath  the  body,  from  which  its  extremity 
remains  distinct  as  a  slightly  raised  edge,  which  articulates  with  the  margin  of 
the  vomer  ;  and  external  to  this  it  is  marked  by  a  small  groove,  which 
contributes  with  the  palate  bone  to  form  the  pterygo-palatine  canal.  The 
walls  of  the  pterygoid  fossa  are  incomplete  at  the  lower  part  in  the  dis- 
articulated sphenoid  bone,  an  angular  interstice  existing  between  the 
plates,  which,  in  the  articulated  skull,  is  occupied  by  the  pyramidal  process 
of  the  palate  bone.  In  this  fossa  arises  the  internal  pterygoid  muscle,  and 
at  its  base  is  a  slight  depression,  distinguished  as  the  navicular  fossa;  which 
gives  attachment  to  the  tensor  palati  muscle. 

Fig.  36. 


Fig.  36. — The  Sphenoid  Bone  from  before.  | 
The  indications  where  marked  are  the  same  as  in  the  preceding  fitrure  17  marks  the 
anterior  opening  of  the  Vidian  foramen  or  canal ;  IS,  the  external  or  temporal  surface  of 
the  great  wing  ;  19,  its  orbital  surface  ;  20,  the  sphenoidal  turbinated  or  spongy  bone  • 
above  20,  the  opening  into  the  sphenoidal  sinus;  21,  the  sphenoidal  spine;  22  the 
rostrum,  and  above  22,  the  inverted  laminaj,  which  fit  with  the  edges  of  the  voiker.' 

Fissures  and  foramina.— Each  lateral  half  of  the  bone  presents  a 
fissure,  four  foramma,  and  a  canal.  The  sphenoidal  fissure  is  the  obliquely 
placed  elongated  interval  between  the  great  and  smaU  mng  ;  it  is  closed  ex- 
ternally by  the  frontal  bone,  so  as  to  form  the  foramen  laccrxm.  orhitale  •  it 
opens  into  the  orbit,  and  transmits  the  third,  fourth  and  sixth  nerves  the 
ophthalmic  division  of  the  fifth  nerve,  and  the  ophthalmic  vein.  Above  and 
to  the  mside  of  it  is  the  optic  foramen,  which  is  inclined  outwards  and 
torwarda  from  the  side  of  the  olivary  process,  pierces  the  base  of  the  smaU 
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wing,  and  transmits  the  optic  nerve  and  the  ophthalmic  artery.  The  foramen 
rotund'um  is  directed  forwards  through  the  great  wing,  below  the  sphenoidal 
fissure  ;  it  opens  immediately  below  the  level  of  the  orbit,  and  transmits  the 
superior  maxillary  division  of  the  fifth  nerve.  The  foramen  ovale  is  a  large 
foramen,  external  and  posterior  to  the  foramen  rotundum,  situated  near 
the  posterior  margin  of  the  great  wing,  and  directed  downwards  ;  it  transmits 
the  inferior  maxillary  division  of  the  fifth  nerve.  The  foramen  spinosum 
is  a  small  foramen  immediately  external  and  posterior  to  the  foramen  ovale  ; 
it  pierces  the  posterior  angle  of  the  great  wing,  and  transmits  the  middle 
meningeal  vessels. 

The  Vidian,  or  Pterygoid  canal,  passes  through  the  bone  horizontally 
from  before  backwards  at  the  base  of  the  internal  pterygoid  plate  ;  it  opens 
anteriorly  into  the  spheno-maxillary  fossa,  and  posteriorly  into  the  foramen 
lacerum  medium,  and  transmits  the  Vidian  nerve  and  vessels. 

Varieties. — The  groove  of  the  internal  carotid  artery  on  the  inner  aspect  of  the 
anterior  clinoid  process  is  frequently  converted  into  a  foramen  by  a  spiculum  of  bone 
stretching  outwards  to  that  process  from  the  side  of  the  pituitary  fossa,  and  forming 
what  has  been  called  the  middle  clinoid  process  ;  and  in  cases  where  this  occurs 
another  spiculum  is  sometimes  found,  uniting  the  anterior  and  posterior  clinoid  pro- 
cesses. In  many  cases  a  third  spiculum,  the  lingida  (Henle),  projects  backwards  from 
the  posterior  extremity  of  the  carotid  groove  outside  the  artery.  A  bridge  of  bone, 
or  of  ligament,  sometimes  passes  from  the  margin,  and  sometimes  from  the  extre- 
mity of  the  external  pterygoid  plate  to  the  spinous  process.  The  foramen  ovale  and 
foramen  spinosum  are  frequently  open  behind. 

ETHMOID  BONE. 

The  ethmoid,  or  sieve-like  bone,  projects  downwards  from  between  the  orbital 
plates  of  the  frontal  bone,  and  enters  into  the  formation  of  the  cranium,  the 

orbits,  and  the  nasal  fossae.    It  is  of  a  cu- 
Fig.  37.  bold  figure.    It  is  exceedingly  light  for  its 

size,  being  composed  of  very  thin  plates 
of  bone  and  a  collection  of  irregular 
cells.  It  consists  of  a  central  vertical 
plate,  and  of  two  lateral  masses,  united 
at  their  superior  extremities  by  a  horizon- 
tal cribriform  lamella. 

Fig.  37. — The  Ethmoid  Bonk.  | 

A,  from  the  right  side.  1,  crista  gaUi ;  2, 
vertical  plate  ;  3,  cribriform  plate  and  foramina  ; 
4,  orbital  plate  or  os  planum  ;  5  5,  the  uncinate 
process ;  6,  the  superior,  and  7,  the  inferior  tur- 
binated bone ;  8,  tbe  anterior,  and  9,  the  posterior 
ethmoidal  groove  or  foramen. 

B,  the  ethmoid  bone  from  behind.  The  in- 
dications -where  marked  are  the  same  as  in  A. 
10,  the  lateral  or  cellular  part  of  the  bone  ;  11, 
its  posterior  surface  of  union  with  the  sphenoidal 
turbinated  and  palate  bones. 

It  articulates  -with  thirteen  bones  :  the 
frontal,  sphenoid  and  vomer,  the  nasal, 
lachrymal,  superior  maxillary,  palatal,  and  inferior  turbinated  bones. 

The  CENTRAL  PLATE  lies  in  the  mesial  plane,  and  forms  the  upper  part  of 
the  septum  of  the  nose.  Its  superior  margin  appears  in  the  cranial  cavity, 
above  the  cribriform  lamella,  in  the  form  of  a  ridge  which  rises  anteriorly 
into  a  thick  process,  the  crista  galli,  to  which  the  falx  cerebri  is  attached. 
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The  anterior  margin  of  the  crista  galli  is  vertical  and  broad,  usually  pre- 
senting a  groove,  which  completes  the  foramen  csecum  of  the  frontal  bone. 
Below  the  level  of  the  cribriform  lamella,  the  anterior  margin  of  the  central 
plate  articulates  with  the  nasal  process  of  the  frontal  and  with  the  nasal  bones. 
The  inferior  margin  articulates  in  front,  and  sometimes  even  in  its  whole 
extent,  with  the  septal  cartilage  of  the  nose ;  and  in  its  posterior  half,  in  the 
adult,  is  more  or  less  completely  joined  by  osseous  union  on  one  or  both 
sides  to  the  two  plates  or  alfB  of  the  vomer.  The  posterior  margin  is  very 
thin,  and  is  united  to  the  sphenoidal  crest  of  the  sphenoid.  This  plate 
presents  a  number  of  grooves  and  minute  canals  leading  from  the  foramina 
of  the  cribriform  lamella,  for  the  transmission  of  the  olfactory  nerves. 

The  LATERAL  MASSES  cnclose  a  number  of  spaces  of  irregular  form,  the 
ethmoidal  cells,  which  in  the  recent  state  are  lined  with  prolongations  of  the 
mucous  membrane  of  the  nose.  On  the  external  aspect  of  each  lateral  mass 
is  a  thin,  smooth  lamina,  of  a  quadrilateral  form,  the  orbital  plate  or  os 
planum,  which  closes  in  the  ethmoidal  cells,  and  forms  a  considerable  part  of 
the  inner  wall  of  the  orbit.  The  oi'bital  plate  articulates  in  front  with  the 
lachrymal,  behind  with  the  sphenoid,  above  with  the  frontal,  and  below  with 
the  orbital  surfaces  of  the  superior  maxillary  and  palate  bones.  In  front  of  the 
orbital  plate  the  lateral  mass  extends  forwards,  under  cover  of  the  lachrymal 
bone  ;  and  from  this  part  descends  the  uncinate  or  cuneiform  process,  a  long 
thin  lamella  which  curves  downwards,  outwards,  and  backwards,  formiug 
part  of  the  inner  wall  of  the  maxillary  antrum,  and  articulating  at  its 
extremity  with  the  inferior  turbinated  bone.     (See  fig.  50.) 

The  internal  aspect  forms  part  of  the  external  waU  of  the  nasal  fossa,  and 
consists  of  a  thin,  uneven,  osseoiis  plate,  connected  above  with  the  cribriform 
lamella,  and  exhibiting  a  number  of  canals  and  grooves  for  branches  of  the 
olfactory  nerve.  It  is  divided  at  its  back  part  by  a  channel,  directed  up- 
wards and  forwards  from  its  posterior  margin  to  about  its  middle.  This  is 
called  the  superior  meatus  of  the  nose,  and  communicates  with  the  posterior 
ethmoidal  cells.  The  short  margin  which  overhangs  this  channel  constitutes 
the  superior  turUnated  process  or  spongy  bone.  Below  this  is  a  slightly 
folded  margin  of  much  greater  extent,  and  free  in  front,  the  inferior  turbinated 
process  or  middle  spongy  bone,  which  overhangs  the  middle  meatus  of  the 
nose.  From  the  front  of  the  middle  meatus  a  passage,  the  infimdibulum, 
is  prolonged  upwards  and  forwards  through  the  anterior  ethmoidal  ceUs, 
and  opens  iuto  the  frontal  sinus.     (See  also  fig.  54.) 

In  the  separate  ethmoid  bone  the  cells  are  open  posteriorly  and  superiorly, 
but  when  the  bone  is  in  connection  with  the  rest  of  the  cranium  these  cells 
are  closed,  above  by  the  frontal  bone,  and  behind  by  the  sphenoidal  spongy 
bones.  In  the  superior  margin  are  two  grooves,  which  complete  with  the 
frontal  bone  the  internal  orbital  foramina. 

The  CRIBRIFORM  LAMELLA  Corresponds  in  size  to  the  incisura  ethmoidalis  of 
the  frontal  bone  which  it  occupies.  At  the  sides  of  the  crista  it  is  depressed 
into  two  grooves  which  lodge  the  olfactory  bulbs  ;  and  it  is  pierced  by 
numerous  foramina  for  transmission  of  the  filaments  of  the  olfactory  nerves. 
The  foramina,  which  lie  along  the  middle  of  each  groove,  are  simple  perfora- 
tions ;  the  internal  and  external  sets  are  longer,  and  are  the  orifices  of 
small  canals  which  subdivide  as  they  descend  on  the  central  plate  and 
lateral  masses.  At  the  anterior  extremity  is  a  small  fissure  at  each  side  of 
the  crista  galli,  close  to  its  base,  and  external  to  this  a  foramen,  connected 
usually  by  a  slight  groove  with  the  anterior  internal  orbital  foramen,  which 
transmits  the  nasal  branch  of  the  ophthalmic  nerve. 
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THE  SUrERTOE  MAXILLARY  BONE. 

This,  the  upper  jaw,  is  one  of  the  priucipal  bones  of  the  face ;  it  supports  all 
the  teeth  of  the  upper  range,  and  takes  part  in  the  formation  of  the  hard  palate, 
the  floor  of  the  orbit,  and  the  floor  and  lateral  wall  of  the  nasal  cavity.  It 
presents  inferiorly  a  thick  ridge,  the  alveolar  process  perforated  with  the 
sockets  for  the  roots  of  the  teeth,  and  a  horizontal  palate  plate  ;  exter- 
nally, a  convex  surface  corresponding  with  the  anterior  and  lateral  parts  of 
the  face  ;  superiorly,  an  ascending  or  nasal  process  and  an  orbital  plate  ; 
and  internally,  a  nasal  surface,  opening  from  which  is  a  large  cavity  or  sinus, 
hollowed  out  beneath  the  orbital  plate  in  the  body  of  the  bone.  The 
superior  maxillary  bone  ai-ticulates  with  its  fellow,  with  the  nasal,  frontal, 
lachrymal,  ethmoid,  palate,  malar,  vomer,  and  inferior  turbinated  bones,  and 
with  the  nasal  cartilages. 


Fig.  38. 


Fig.  38. — Superior  Maxillaet  Bone  op  the 


RiOHT  Side. 


A,  from  the  outside  ;  B,  from  the  inside. 

1  to  2,  alveolar  process  or  arch — 1  at  the 
middle  incisor  tooth,  2  marks  the  tuberosity, 
aud  above  it,  ia  A,  the  posterior  dental  foramina; 
3,  the  nasal  or  ascending  process ;  4,  malar 
tuberosity  or  process  ;  5,  orbital  plate  or  process  ; 
6,  placed  in  the  nasal  notch  marks  the  nasal  crest 
terminating  in  the  nasal  spine ;  7,  the  incisor  or 
myrtiform  fossa ;  8,  is  in  front  of  the  canine 
fossa  ;  9,  the  infra-orbital  foramen,  and  below  5, 
the  infra-orbital  groove  and  canal ;  10,  groove  of 
the  nasal  or  lachrymal  duct ;  11,  antrum  maxillare, 
or  maxillary  sinus  ;  12,  on  the  inner  surface  of  the 
nasal  process,  marks  the  oblique  ridge  for  the 
attachment  of  the  inferior  turbinated  bone  ;  13, 
is  placed  above  the  palate-plate  ;  from  13  to  6,  the 
vomeric  and  septal  crest ;  from  13  to  14,  the  incisor 
foramen  ;  In,  placed  on  the  surface  of  articulation 
of  the  body  with  the  palate-bone,  points  to  the 
posterior  palatine  or  palato-maxillary  canal. 
These  figures  also  exhibit  a  full  set  of  the  upper 
teeth  of  one  side  as  they  occur  in  middle  life, 
little  worn  by  use. 

The  alveolar  border  or  process,  thick 
and  arched,  is  hollowed  out  into  sockets 
or  alveoli,  corresponding  in  number,  form, 
and  depth  to  the  roots  of  the  teeth, 
which  are  fixed  in  them. 
The  imlate  plate,  along  with  that  of  the  opposite  side,  forms  about  three- 
fourths  of  the  hard  palate.  Its  superior  surface  is  smooth  and  concave  from 
side  to  side  ;  its  inferior  surface  is  vaulted  and  rough,  and  is  marked  laterally 
with  grooves  for  nerves  and  vessels,  which  reach  the  palate  through  the 
posterior  palatine  canal.  Its  posterior  extremity  falls  short  of  that  of  the 
alveolar  arch  and  body  of  the  bone,  and  articulates  with  the  horizontal 
process  of  the  palate  bone,  which  completes  the  hard  palate.  The  mesial 
border  rises  into  a  serrated  vertical  ridge,  upon  which  the  vomer  rests. 
This  border,  or  ridge,  is  interrupted  at  its  anterior  part  by  a  canal,  the 
incisor  foramen,  which  is  completed  on  its  mesial  side  by  a  slender  lamma 
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directed  backwards  from  the  anterior  to  the  posterior  border,  from  the  latter 
of  which,  howovei",  iu  young  bones  the  lamina  remains  disconnected.  In  front 
of  this  ciinal  the  mesial  border  of  the  bone  rises  to  a  considerably  greater  height 
than  behind  it,  forming,  with  its  neighbour,  the  nasal  crest — a  grooved  elevation 
which  supports  the  extremity  of  the  vomer  and  the  septal  cartilage,  and  is  pro- 
longed forwards  into  the  nasal  spine.  Each  incisor  foramen  widens  out  below 
into  a  larger  hollow,  which,  when  placed  in  apposition  with  its  fellow,  com- 
pletes a  mesial  aperture,  the  anterior  palatine  foramen.  Viewed  from  below, 
this  aperture  may  be  seen  to  be  divided  into  four  smaller  foramina,  two  of  which 
placed  laterally  are  the  incisor  foramina,  called  also  foramina  of  Stenson,  while 
the  other  two,  placed  in  the  middle  line,  one  before  the  other,  are  distinguished 
as  the  foramina  of  Scarpa.  The  whole  communication  between  the  nose  and 
the  palate  may  be  designated  collectively  as  the  anterior  palatine  canal. 

The  terms  incisor  foramen  and  anter-ior  palatine  canal  are  often  used  convertibly 
and  vaguely  to  express  what  has  been  above  defined  as  the  anterior  palatine  canal,  or 
its  inferior  opening.  According  to  the  definitions  here  given,  incisor  foramen  has 
the  same  meaning  in  human  as  in  comparative  anatomy,  while  anterior  palatine  canal 
is  restricted  to  an  appearance  which  presents  itself  only  in  man  and  a  few  animals. 
The  lamina  passing  backwards  from  before  each  incisor  foramen  corresponds  to  the 
mesial  palatine  process  of  the  intermaxillary  bone  in  other  animals,  e.  the  carnivora : 
while  the  incisor  foramina  are  those  which  are  seen  largely  developed  in  those 
animals,  and  are  the  remains  of  a  primitive  communication  between  the  nose  and 
mouth.  The  foramina  of  Scarpa  lie  in  the  suture  between  the  laminaj  referred  to. 
They  transmit  the  naso-palatine  nerves ;  the  nerve  of  the  right  side  occupying, 
according  to  Scarpa,  the  posterior  one,  which  is  usually  largest,  and  that  of  the  left 
side  the  anterior  :  but  they  are  very  inconstant.  (Scarpa,  Annot.  Anatom., 
lib.  ii.  cap.  5.) 

Fig.  39. — Front  Part  op  the  Palate  and 
Alveolar  Arch  op  an  Adult,  | 

Showing  the  lower  opening  of  the  anterior  palatine 
or  incisor  foramen.  1,  2,  are  placed  on  the  palate  plates 
of  the  two  superior  maxillary  bones ;  4,  anterior  pa- 
latine foramen,  in  which  is  seen  a  partial  division  into 
four  openings — the  two  lateral,  with  lines  pointing  to 
them  from  1  and  2,  are  the  incisor  foramina  (foramina 
of  Stenson) ;  the  anterior  and  posterior,  indicated  by 
3  and  4,  are  the  naso-palatine,  or  foramina  of  Scarpa. 

The  external  surface  is  divided  into  an  anterior  and  a  posterior  part  by 
the  malar  process,  a  prominence  presenting  a  large  triangular  roughness  for 
articulation  with  the  malar  bone,  which  abuts  by  its  upper  border 
against  the  edge  of  the  orbital  surface,  and  at  its  inferior  angle  projects 
outwards  and  downwards  above  the  first  molar  tooth.  The  anterior 
portion  is  excavated  in  a  smooth  curved  notch  at  its  internal  margin 
for  the  opening  of  the  anterior  nares.  It  is  marked  by  a  prominence 
corresponding  to  the  position  of  the  fang  of  the  canine  tooth  ;  and  in- 
ternal to  this  is  a  slight  depression,  the  incisor  or  myrtiform  fossa  ;  while 
between  it  and  the  malar  process  is  the  much  deeper  canine  fossa,  in 
which  arise  the  levator  anguli  oris  and  compressor  nasi  muscles.  Above  the 
canine  fossa,  immediately  below  the  margin  of  the  orbit,  is  the  infra-orhital 
foramen,  which  transmits  the  superior  maxillary  nerve.  The  posterior 
portion  looks  partly  into  the  zygomatic,  partly  into  the  pterygo-maxillary 
fossa.  ^  It  exhibits  a  convexity,  the  tuberosity,  which  projects  backwards, 
and  is  perforated  by  a  number  of  foramina  transmitting  the  superior 
dental  nerves  and  arteries. 


Fig.  39. 
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The  ascending  or  wasaJ  process  projects  upwards  from  the  anterior  and 
interHal  pai-t  of  the  bone.  Its  surfaces  are  continuous  with  the  external 
and  internal  surfaces  of  the  bone  ;  its  internal  surface,  towards  its  summit, 
IS  rough  for  articulation  with  the  lateral  mass  of  the  ethmoid  ;  its  anterior 
border  is  rough  for  articulation  with  the  nasal  bone,  and  its  summit  serrated 
for  articulation  with  the  frontal.  Posteriorly,  it  articulates  by  a  linear  edge 
with  the  lachrymal  bone  ;  and  external  to  this  it  presents  a  well-marked  groove 
for  the  lachrymal  sac,  the  lachrymal  groove,  which  is  continued  downwards 
on  the  inner  surface  of  the  bone,  between  this  process  and  the  orbital  plate, 
and  is  converted  into  a  canal  by  the  lachrymal  and  inferior  turbinated 
bones. 

• 

The  orbital  surface  passes  forwards  to  the  margin  of  the  orbit,  and  back- 
wards to  the  spheno-maxillary  fissure,  and  is  bounded  externally  by  the  surface 
for  the  malar  bone,  and  internally  by  the  lachrymal  groove  and  a  rough  edge 
which  articulates  with  the  lachrymal,  ethmoid,  and  palate  bones.  It  is  inter- 
rupted by  a  groove  which  commences  in  its  posterior  border,  and  leads  for- 
wards into  a  complete  canal,  the  infra-orbital,  of  which  the  infra-orbital 
foramen  is  the  anterior  termination.  At  the  inner  and  fore-part  of  the  orbi- 
tal surface  is  a  minute  depression,  which  gives  origin  to  the  inferior  oblique 
muscle  of  the  eye. 

The  nasal  surface  presents  an  oblique  rough  line  beneath  the  ascending 
process,  for  articulation  with  the  inferior  tui-binated  bone,  and  behind  that 
process  the  lachrymal  groove.  Behind  the  lachrymal  groove  is  the  large 
opening  into  the  sinus  ;  below  and  behind  the  sinus  the  surface  is  rough  for 
articulation  with  the  palate  bone  ;  and  traversing  the  lower  part  of  this 
roughness  is  a  smoother  groove,  passing  downwards  and  forwards  from  the 
posterior  margin,  and  completing  with  the  palate  bone  the  posterior  palatine 
canal. 

The  maxillary  sinus,  or  antrum  of  Sighmore,  is  a  large  cavity  lying 
above  the  molar  teeth  and  below  the  orbital  plate,  Uued  in  the  fresh  state 
by  mucous  membrane,  and  communicating  with  the  middle  meatus  of  the 
nose.  Its  orifice  is  considerably  diminished  by  contiguous  bones,  viz.,  by 
the  uncinate  process  of  the  ethmoid,  the  inferior  turbinated  bone,  and  the 
palate  bone. 


THE  PALATE  BONE. 

The  palatal  or  palate  bone  forms  the  back  part  of  the  palate,  and  the 
lateral  wall  of  the  nose  between  the  superior  maxillary  bone  and  the 
internal  pterygoid  process.  In  form  it  has  a  general  resemblance  to  the 
letter  l,  consisting  of  a  horizontal  and  a  vertical  plate  and  three  processes, 
viz.,  the  pyramidal  process,  extending  outwards  and  backwards  from  the 
junction  of  the  horizontal  and  vertical  plates,  and  the  orbital  and  sphenoidal 
processes,  surmounting  the  vertical  plate. 

The  palate  bone  articulates  with  its  fellow,  and  with  the  superior  maxillary, 
ethmoid,  sphenoid,  vomer,  and  inferior  turbinated  bone. 

The  horizontal  or  palate  plate  presents  posteriorly  a  thin  free  bor- 
der, forming  the  limit  of  the  hard  palate,  and  giving  attachment  to  the 
soft  palate  or  velum  ;  anteriorly  it  articulates  with  the  palate  plate  of  the 
superior  maxUlary  bone,  and  internally  by  a  thick  serrated  border  with  its 
fellow  of  the  opposite  side,  forming  with  it  a  ridge  for  articulation  with  the 
vomer,  contiuuous  with  that  of  the  superior  maxillaries  ;  externally,  at  its 
jimction  with  the  vertical  plate,  it  is  grooved  by  the  extremity  of  the 
posterior  palatine  canal.    Its  superior  surface  is  smooth,  and  forms  the  back 
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part  of  the  floor  of  the  nasal  cavity  ;  its  infenor  surface  is  rough,  and  is 
marked  near  its  posterior  border  by  a  transverse  ridge  passing  inwards  from 
the  base  of  the  pyramidal  process,  giving  attachment  to  the  tendinous  fibres 
of  the  tensor  palati  muscle. 

Fig.  40.— Thk  Palate  Bone  op  the  Right  Side.  | 

A,  from  the  outside  and  behind  ;  B,  from  the  inside. 

1,  the  upper  surface  of  the  palatine  plate  ;  2,  its 
posterior  curved  border  or  palatine  arch  ;  3,  posterior 
nasal  or  palatine  spine  ;  4,  the  rough  surface  of  adjacent 
articulation  rising  superiorly  into  the  vomenc  crest,  as  in 
A  ;  5  5,  the  nasal  process  ;  6,  the  ridge  or  shelf  support- 
ing the  inferior  turbinated  bone;  7,  the  sphenoidal 
process ;  8,  in  B,  the  orbital  process,  showing  a  cellular 
cavity  ;  8',  in  A,  its  orbital  surface  ;  9,  the  spheno- 
palatine notch;  10,  11,  12,  the  pyramidal  process— 10, 
rough  surface  of  union  with  the  external  pterygoid 
plate,  11,  with  the  internal  ditto,  and  12,  the  inter- 
pterygoid  smooth  surface;  13  13,  palato-maxillary  or 
posterior  palatine  canaL 

The  vertical  plate,  is  very  thin.  Its  internal 
surface  looks  towards  the  nasal  cavity,  and  is 
divided  into  two  parts,  corresponding  to  the  g 
middle  and  inferior  meatus  of  the  nose,  by  a 
nearly  horizontal  ridge  which  articulates  with 
the  inferior  turbinated  bone.  The  external 
surface  is  traversed  by  a  smooth  impression, 
directed  downwards  and  slightly  forwards,  the 
upper  part  of  which  forms  the  internal  wall 
of  the  spheno-maxillary  fossa,  while  the  lower 

part  is  hollowed  into  a  deep  groove,  completing  with  the  superior  maxil- 
lary the  posterior  palatine  canal,  which  transmits  the  large  descending 
palatine  nerve  and  accompanying  vessels.  In  front  of  this  canal  the 
external  surface  is  in  contact  with  the  internal  surface  of  the  maxillary 
bone  and  the  side  of  the  antrum  ;  behind  the  canal  it  articulates  iuferiorly 
with  the  hinder  border  of  the  maxillary,  superiorly  with  the  inner  surface  of 
the  pterygoid  process. 

The  pyramidal  jn-ocess  or  tuberosity  fits  into  the  cleft  between  the  ptery- 
goid plates.  It  presents  posteriorly  a  triangular  surface  which  is  smooth 
and  grooved,  and  completes  the  pterygoid  fossa  on  its  sides  ;  it  is  rough  for 
articulation  with  the  borders  of  the  pterygoid  plates,  Iuferiorly,  close  to 
its  connection  with  the  horizontal  plate,  are  two  small  foramina,  the  posterior 
and  external  small  palatine  foramina,  the  extremities  of  two  minute  canals 
which  transmit  the  smaller  palatine  nerves  ;  the  external  one  is  smallest  and 
inconstant. 

The  orbital  process  surmounts  the  anterior  margin  of  the  vertical  plate. 
It  has  the  general  appearance  of  an  inverted  pyramid,  and  has  five  surfaces, 
two  of  which,  the  superior  and  external,  are  free,  and  the  rest  articulated. 
The  superior  surface  forms  the  posterior  angle  of  the  floor  of  the  orbit  ;  the 
external  looks  into  the  spheno-maxillary  fossa,  the  anterior  articulates  with 
the  maxillary,  the  internal  with  the  ethmoid,  and  the  posterior,  wliich  is 
small  and  only  exists  towards  the  extremity  of  the  process,  articulates  with 
the  sphenoidal  spongy  bone. 

The  orbital  surface  is  frequently  found  enlarged,  extending  upwards  between  the 
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ethmoid  and  sphenoid  as  far  as  the  frontal  bone.  This  condition  results  from  the 
union  with  the  palate  bone  of  a  separate  centre  of  ossification,  more  usually  united 
■with  the  ethmoid  or  sphenoid,  and  already  described  with  the  sphenoidal 
spongy  bone  (p.  40), 

The  sphenoidal  process  curves  upwards,  inwards,  and  backwards  from  the 
posterior  part  of  the  vertical  plate.  Its  superior  or  external  surface  is  in  con- 
tact with  the  sphenoidal  spongy  bone  and  the  base  of  the  internal  pterygoid 
plate,  and  is  grooved  for  the  completion  of  the  ptory go-palatine  canal ;  its 
internal  or  under  surface  looks  to  the  posterior  nares  ;  and  at  its  base  a  third 
surface  looks  forwards  and  outwards  into  the  spheno-maxillary  fossa.  Its 
inner  extremity  is  in  contact  with  the  wing  of  tlie  vomer. 

The  spheno-palatine  foramen  is  formed  in  greatest  part  by  the  deep  notch 
between  the  orbital  and  sphenoidal  processes,  and  is  completed  above  by  the 
sphenoidal  spongy  bone.  It  leads  from  the  spheno-maxillary  fossa  into 
the  nasal  cavity,  and  transmits  the  internal  nerves  from  Meckel's  ganglion 
and  the  nasal  branch  of  the  internal  maxillary  artery. 


THE  VOMER. 

The  vomer  is  a  thin  mesial  bone,  irregularly  quadrilateral,  and  placed 
vertically  between  the  nasal  fossae.  It  articulates  with  the  sphenoid,  eth- 
moid, palate,  and  maxillary  bones,  and  with  the  septal  cartilage  of  the  nose. 
As  it  usually  becomes  united  by  anchylosis,  at  an  early  age,  to  other 
bones,  and  is  frequently  more  or  less  absorbed  and  even  distorted  in  some 
of  its  parts,  it  can  be  studied  as  a  separate  bone  in  certain  specimens 
only. 

Fig.  41.— The  Vomer,  f 

Fig.  41.  A,  from  the  right  side  ;  B,  from  above. 

7  ^^rfr->,>  11)  the  upper  everted  edges  on  each  side  of 

the  hollow  which  receives  the  rostrum  of  the 
sphenoid  ;  2,  the  anteiior  or  ethmoid  border, 
"^fe  V  ^  ^^fe  grooved  to  receive  the  septal  cartilage  of  the  nose, 

and  prolonged  at  x  into  a  process  which  rests 
upon  the  nasal  crest ;  3,  the  posterior  or  free 
border  ;  4,  the  inferior  or  maxillary  and  pala- 
tine border. 


The  part  of  the  vomer  which  lies  below  the  diagonal  line 
extending  from  its  posterior  to  its  anterior  extremity  is  a 
thin  mesial  plate,  that  which  lies  above  this  line  consists  of 
two  alee,  rising  on  each  side  of  a  mesial  groove,  in  which  lies 
the  septal  cartUage  of  the  nose.  The  alse  posteriorly  are 
thick  and  expanded,  and  form  the  bifid  posterior  extremity  of 
the  bone,  which  rests  beneath  the  sphenoid.  The  superior 
border  of  each  ala,  extending  forwards  from  that  point,  arti- 
culates edge  to  edge  with  the  lamella  projecting  at  the  base 
of  the  internal  pterygoid  plate,  the  sphenoidal  process  of  the 
palate  bone,  and  the  extremity  of  the  rostrum  of  the  sphe- 
noid ;  the  anterior  border,  sloping  do^rawards  and  forwards, 
in  contact  with  the  septal  cartilage,  is  free  in  the  inferior  part, 
and  is  united  superiorly  by  anchylosis  on  one  or  both  sides  with  the 
central  plate  of  the  ethmoid.  The  anterior  extremity  of  the  vomer  forms 
a  short  vertical  line  which  fits  in  behind  the  nasal  crest  of  the  maxUlaries, 
and  from  the  upper  end  of  which  a  process  projects  forwards  in  the  groove 
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of  the  crest,  while  from  its  lower  end  a  point  projects  downwards  between 
the  incisor  foramina.  The  inferior  border  articulates  with  the  ridge  or 
crest  which  rises  from  tlie  palate  plates  of  tho  maxillary  and  palate 
bones.  The  posterior  border,  thin,  smooth,  and  unattached,  separates  the 
posterior  uarus. 

THE  MALAR  BONE, 

The  malar  bone  forms  the  most  prominent  part  of  the  cheek,  and,  by  a 
deep  plate,  divides  the  orbit  from  the  temporal  fossa.  It  articulates  by  a 
broad  serrated  surface  near  its  anterior  inferior  angle  with  the  malar  process 
of  the  superior  maxdlary  bone,  by  a  slenderer  posterior  process  with  the 
zygoma,  by  a  superior  process  with  the  frontal,  and,  continuou.sly  with  that, 
by  tlie  margin  of  its  deep  plate  with  the  great  wing  of  the  sphenoid  bone. 
Between  its  sphenoidal  and  maxillary  articulations  a  small  portion  of  free 
margin  generally  intervenes,  which  closes  the  anterior  extremity  of  the 
spheuo-maxiUary  fissure.  The  facial  surface  is  convex,  and  pierced  by  one 
or  more  malar  foramina,  which  pass  through  from  the  orbital  surface  and 
ti-ansmit  a  small  nerve  and  vessels.  The  orbital  surface  is  concave  from 
above  downwards,  and  enters  into  the  formation 
of  the  outer  wall  and  floor  of  the  orbit.     The  Fig.  42. 

posterior  surface  is  concave  from  side  to  side,  and 
looks  into  the  temporal  and  zygomatic  fossae  ;  it 
is  also  pierced  by  a  small  foramen. 


Fig.  42. — Right  Malar  Bone.  | 

A,  from  the  outside  ;  B,  from  the  inside. 

1,  superior  or  frontal  angle  and  serrated  edge  ;  2, 
posterior  or  external  angle  and  serrated  surface  for  the 
zygoma  ;  3,  anterior  or  internal  angle ;  4,  inferior  angle  ; 
from  1  to  2,  the  temporal  border  ;  from  1  to  3,  the 
orbital  border  ;  from  1  to  8,  edge  of  articulation  with 
the  frontal  and  sphenoid  bones  ;  at  8,  the  notch  termi- 
nating generally  the  spheno-maxillary  fissure  ;  from  2  to 
4,  the  masseteric  rough  border  ;  between  8,  3,  and 
4,  the  triangular  serrated  surface  for  articulation  of 
the  superior  maxillary  bone ;  5,  the  external  surface ; 
6,  the  deep  or  posterior  surface ;  5  and  6,  near  the 
foramina  for  the  temporo-malar  nerves ;  7,  the  orbital 
surface,  with  the  orbito-malar  foramen. 


B 


THE  NASAL  BONE. 

The  nasal  bones  form  the  bridge  of  the  nose. 
Fig.  43. 


They  are  thick  and 


Fig.  43.— RrauT  Nasal  Bone.  | 
A,  from  tho  front ;  B,  from  behind. 
1,  upper  or  frontal  serrated  border  ;  2,  internal  border 
for  adjacent  articulation  ;  3,  external  or  superior  maxillary 
border;  4    lower  free  border;  in  B,  4  is  placed  at  the 
lower  end  of  the  groove  for  the  nasal  nerve. 

narrow  above,  but  gradually  become  wider  and 
thmner  below.  The  superior  border  of  each  is 
serrated,  and  articulates  with  the  frontal  bone  • 
the  inferior  unites  with  the  nasal  cartilage- 
.  ,   ,  external  edge   articulates  with  tho  asceud - 

xng  proceHS  of  the  superior  maxillary  bone;  and  the  internal  with  its  feUoIv 
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and  with  the  nasal  spine  of  the  frontal  bone  and  the  perpendicular  plate  of 
the  ethmoid.  The  anterior  surface,  concave  at  its  upper  part,  convex  hi 
the  rest  of  its  extent,  presents  a  minute  vascular  foramen  ;  the  posterior 
or  nasal  surface  is  marked  by  a  groove  for  the  passage  of  the  nasal  nerve. 


THE  LACHllYMAL  BONE. 


The  lachrymal  bone,  or  os  unguis,  is  a  thin  scale  of  bone  placed  at  the 
anterior  and  inner  part  of  the  orbit.  It  articulates  superiorly  with  the 
frontal  bone,  posteriorly  with  the  orbital  plates  of  the  ethmoid  ;  anteriorly 
it  presents  a  longitudinal  or  vertical  groove,  and  articulates  with  the 
ascending  process  of  the  superior  maxillary  bone,  completiug  with  it  the 
groove  for  the  lachrymal  sac  ;  inferiorly  it  articulates  in  its  greatest  extent 
with  the  orbital  plate  of  the  superior  maxillary  bone,  while  its  anterior 


Fig.  44. 


Fig.  44. — Right  Lachrymal  Bone,  from  the  outside.  | 

1,  upper  or  frontal  border  ;  2,  the  orbital  surface  ;  3,  lachrymal 
groove  ;  4,  the  process  which  meets  the  inferior  turbinated  bone. 


grooved  part  projects  downwards,  taking  part  in  the  formation 
of  the  lachrymal  canal,  and  terminates  in  a  pointed  extremity, 
hamulus  lachrijmalis,  which  fits  into  an  angle  between  the 
superior  maxillary  and  inferior  turbinated  bone.  The  inner 
surface  looks  superiorly  to  the  anterior  ethmoidal  cells,  and  inferiorly  to  the 
middle  meatus  of  the  nose. 


THE  INFERIOR  TURBINATED  BONE. 


The  inferior  turbinated,  or  spongy  bone,  is  a  slender  lamina,  attached  by 
one  margin  from  before  backwards  along  the  lateral  wall  of  the  nose,  and 

Fig.  45.  Fig.  45. — The  Inferior  Turbinated  Bone  op 

THE  Right  Side.  | 

A,  from  the  outside  ;  B,  from  the  inside. 
1,  anterior  angle  ;  2,  posterior  angle  ;  1,  3,  2, 
inferior  free  border;  4,  internal  convex  surface  ; 
5,  part  of  the  bone  articulating  with  the  uncinate 
process  of  the  ethmoid  ;  6,  portion  articulating 
with  the  lachrymal  ;  7,  the  outer  concave  sur- 
face ;  8,  the  deflected  scale  of  bone  from  the 
upper  border,  which,  by  union  with  the  superior 
maxillary,  forms  a  part  of  the  inner  wall  of  the 
maxillary  sinus. 

projecting  into  the  nasal  cavity,  so  as  to 
divide  the  middle  from  the  inferior  meatus. 
It  is  slightly  convoluted,  its  convexity  look- 
^  ing  upwards  and  inwards,  and  its  free  mar- 

gin being  dependent,  slightly  thickened,  and 
rolled  upon  itself.  The  attached  margin  articulates  anteriorly  with  the 
oblique  ridge  below  the  ascending  process  of  the  superior  maxillary  bone, 
and  ascends  abruptly  to  complete  the  lachrymal  canal  and  articulate  with  the 
lachrymal  bone  ;  behind  this  it  bends  downwards,  forming  part  of  the  inner 
wall  of  the  antrum  below  the  entrance  into  that  cavity  ;  above  and  behind 
this,  it  presents  a  small  projection  which  articulates  with  the  uncinate 
process  of  the  ethmoid,  and  posteriorly  it  is  attaclied  to  the  liorizontal  line 
on  the  vertical  plate  of  the  palate  bone. 


INFERIOR  MAXILLARY  BONE. 


51 


This  bone  is  marked  by  horizontal  grooves  and  canals  for  vessels  and 
nerves,  but  not,  as  the  turbinations  of  the  etlimoid  are,  with  vertical  grooves 
for  the  olfactory  nerve. 

TUB  INFERIOR  MAXILLARY  BONE. 

The  inferior  maxilla,  or  lower  jaw,  is  the  thickest  and  strongest  bono 
of  the  face,  and  moves  on  the  rest  of  the  skull  by  means  of  a  pair  of 
articular  surfaces  or  condyles.  It  has  the  shape  of  an  inverted  arch  bent 
forwards  upon  itself,  and  consists  of  a  middle  larger  and  horizontal  part — 
the  body,  and  of  two  rami  or  ascending  branches. 

Pig.  46.— The  Inferior  Max- 
iLLAUY    Bone,    from  the 

RIGHT  SIDE  AND  ABOVE.  ^ 

1,  the  body;  2,  the  sym- 
physis ;  3,  the  ramus ;  4,  the 
angle,  near  it  the  oblique  ridges 
marked  by  the  attachment  ot 
the  masseter  muscle;  5,  the 
coronoid  process  ;  6,  the  con- 
dyle or  articular  head  ;  7,  placed 
in  the  sigmoid  notch,  points  to 
the  front  of  the  neck;  8,  the 
mental  foramen;  9,  the  external 
oblique  ridge;  10,  the  inferior 
dental  foramen  and  mylohyoid 
groove  of  the  left  side.  This 
figure  represents  a  full  set  of 
the  teeth  of  the  lower  jaw  in 
middle  life.  (See  also,  for  the 
view  of  the  inner  surface  of  the  lower  jaw,  figure  53,  the  vertical  section  of  the  skull.) 

The  body  is  marked  in  the  middle  by  a  vertical  ridge,  indicating  the  original 
division  of  the  bone  into  two  lateral  parts,  and  thence  named  the  sym- 
2)hysis.  The  superior  or  alveolar  border  is  hollowed  out  into  sockets  for 
the  teeth.  The  inferior  border,  thicker  anteriorly  than  beneath  the  ramus, 
is  slightly  everted  in  front,  constituting  the  chin,  or  mentum,  a  prominence 
peculiar  to  the  human  skull.  On  the  outer  surface,  on  each  side  of  the 
symphysis,  below  the  incisor  teeth,  is  a  shallow  depression,  the  incisor 
fossa,  which  gives  origin  to  the  levator  menti  muscle,  and,  more  externally, 
the  labial  or  mental  foramen,  which  transmits  the  facial  branches  of  the 
inferior  dental  nerve  and  artery.  From  beneath  the  mental  foramen  an 
elevation,  the  external  oblique  line,  extends  upwards  and  outwards  to 
the  anterior  border  of  the  ramus.  The  deep  surface  is  marked,  on  each  side 
of  the  symphysis,  along  the  inferior  margin,  by  a  depression,  indicating 
the  anterior  attachment  of  the  digastric  muscles,  and  above  them  by  two 
pairs  of  prominent  tubercles,  spime  meniales,  placed  closely  together,  giving 
attachment,  the  upper  pair  to  the  genio-hyo-glossi,  and  the  lower  to  the 
genio-hyoidei  muscles.  An  oblique  prominent  line,  the  mylo-hyoidean  rid(jc, 
leading  from  beneath  the  spiuiB  mentales,  upwards  and  outwards  to  the 
ramus,  gives  attachment  to  the  mylo-hyoideus  muscle.  Above  this  line 
is  a  smooth  depression  for  the  sublingual  gland,  and  beneath  and  external 
to  it  another  for  the  submaxillary  gland. 

The  ramus  is  thinner  than  the  body  of  the  bone,  and  its  border  forms, 
posteriorly  and  inferiorly  with  that  of  the  body,  an  angle,  called  the  angle 
of  the  jaw.  The  external  surface  is  flat  and  marked  by  slight  uneveuness, 
and  towards  the  angle  by  ridges  at  the  place  of  attachment  of  the  masseter 
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muscle.  The  iaterual  surface  presents  at  its  middle  the  inferior  dental 
foramen,  leading  into  the  dental  canal,  which  lodges  the  dental  nerve 
and  vessels.  Passing  down  from  the  sharp  inferior  margin  of  this  foramen 
IS  the  mylo-hyoid  (jroove  (occasionally  a  canal  for  a  short  space),  marking 
the  passage  of  the  mylo-hyoid  nerve  with  an  accompanying  artery  and 
vein.  Behind  this,  inside  the  angle,  is  a  marked  roughness  for  the  internal 
pterygoid  muscle. 

Each  ramus  is  surmounted  by  two  processes,  the  condyle  and  the  coro- 
noid,  which  are  separated  by  a  deep  excavation,  the  sigmoid  notch.  The 
condyle  is  continued  upwards  from  the  posterior  part  of  the  ramus.  It  is 
supported  by  a  constricted  portion,  the  neck,  which  presents  anteriorly  a 
depression,  from  which  the  external  pterygoid  muscle  arises.  The  condyle 
is  a  transversely  elongated  convex  articular  process,  whose  major  axis  is 
directed  obliquely,  so  that  if  prolonged  it  would  meet  with  that  of  its 
fellow  near  the  anterior  margin  of  the  foramen  magnum.  The  coronoid 
process  is  continued  vertically  upwards  in  front,  from  the  anterior  margin  of 
the  ramus.  It  is  pointed,  and  gives  attachment  by  its  margin  and  inner 
aspect  to  the  temporal  muscle.  At  its  base,  in  front,  is  a  groove,  to  which 
the  buccinator  muscle  is  attached. 

The  anterior  margin  of  the  ramus  is  placed  at  nearly  a  right  angle  to  the  alveolar 
border.  The  angle  of  the  jaw,  which  is  the  meeting  of  the  posterior  border  of 
the  ramus  with  the  base,  is  in  the  adult  usually  about  120°;  in  infancy  it  is  as 
great  as  140°  or  more ;  in  strongly  developed  jaws  it  may  be  diminished  to  110°  or  less  ; 
and  in  old  and  toothless  jaws  it  is  increased.  These  changes  are  connected  with  a 
variety  of  circumstances,  among  which  may  be  noticed, — the  development  of  the 
temporary  and  permanent  teeth,  the  absorption  of  the  alveolar  arch  in  advanced  age, 
the  elongation  of  the  face  and  upper  jaw  towards  adult  life,  and  the  varying  state  of 
development  of  the  masseter  muscles  at  diiferent  periods. 


THE  HYOID  BONE. 

The  hyoid  bone,  or  as  linguce,  is  situated  at  the  base  of  the  tongue,  and 
may  be  felt  between  the  chin  and  the  thyroid  cartilage.  It  is  suspended 
from  the  tips  of  the  styloid  processes  of  the  temporal  bones  by  a  pan:  of 
slender  bauds,  the  stijlo-hyoid  ligaments,  which  are  osseous  in  most  animals. 
Hence,  though  not  strictly  a  bone  of  the  cranium  or  face,  it  properly  falls 
to  be  considered  in  this  place.  It  is  shaped  like  the  letter  v,  and  consists 
of  a  body  and  two  pairs  of  cornua. 

Pig  47_  Fig.  47. — The  Hyold  Bone,  from  before.  § 

1,  the  prominent  part  of  the  body  ;  2,  the  great  cornu  : 
3,  the  lesser  cornu. 


The  body,  or  central  piece,  is  compressed  from 
before  backwards,  and  lies  in  a  plane,  directed 
downwards  and  forwards.  Its  anterior  surface  is 
convex  and  marked  in  the  middle  by  a  vertical  ridge,  on  each  side  of  which 
are  depressions  for  the  attachment  of  muscles.  Its  posterior  surface  is 
concave,  and  is  directed  towards  the  epiglottis.  ,  ,    ,    ,        ,  , 

The  great  cornua  project  backwards  from  the  sides  of  the  body,  and  end 

in  rounded  extremities.  j  „„j 

The  small  cornua,  or  cornicula,  short  and  conical,  project  upwaids  and 
backwards  from  the  place  of  junction  of  the  body  with  the  great  cornua. 
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1  •  4.^.„i,mATi+  at  their  extremities  to  the  stylo-hyoid  ligaments.  The)' 
remains  unossified  tiU  an  advanced  period  of  hfe. 


THE  SKULL  AS  A  WHOLE. 


Fig.  48.— Front  View  of 
THE  Skull  op  a  Youno 
Man  of  about  Twenty 
Years  of  Age.  i 
Placed  with  the  anterior 

nasal  spine  and  the  middle 

of  the    meatus  auditorius 

externus  in  the  horizontal 

plane.    (In  this,  as  in  most 

other  figures,  the  figures  and 

lettersof  indication  are  placed 

only  on  one  side.)   1,  frontal 

eminence  ;  2,  middle  of  the 

lower  part  of  the  frontal 

bone,  or  glabella,  between  the 

superciliary  eminences,  and 

above  the  transverse  suture 

of  union  with  the  nasal  and 

superior  maxillary  bones  ; 

3,  supra-orbital  ridge  at  its 

middle — to  the  inside  of  the 

figure  is  the  supra-orbital 

notch  ;   4,  the  orbit  —  the 

figure    is    placed    on  the 

orbital  plate  of  the  sphenoid 

bone,  between  the  foramen 

lacerum  orbitale  and  the 
spheno-maxillary  fissure  ;  5, 
the  anterior  opening  of  the 
nares,  within  which  are  seen 
in  shadow  the  na.sal  crest  of 
the  superior  maxillary  bones, 
the  vertical  plate  of  the  eth- 
moid bone,  and  on  each  side 
the  turbinated  bones ;  6,  su- 
perior maxillary  bone  at  the 
canine  fos.sa — abovethefigure 
is  the  infra-orbital  foramen  ; 
7,  myrtiform,  or  incisor  foramen  ;  8,  malar  bone  ;  9,  symphysis  menti  and  median  ridge  ; 
10,  body  of  the  lower  jaw,  above  the  outer  oblique  ridge  and  the  menial  foramen  ;  11, 
vertex,  immediately  over  the  coronal  suture  ;  12,  temporal  fossa,  at  the  meeting  of  the 
frontal,  parietal,  temporal,  and  sphenoid  bones;  13,  zygoma;  14,  mastoid  process;  15, 
angle  of  the  jaw  ;  16,  mental  angle.  In  this  skull  there  are  fourteen  teeth  in  each  jaw, 
the  wisdom  teeth  having  not  yet  appeared. 


THE  SUTURES. 

The  sutures  of  the  skull  are  best  distingiiished  when  named  from  the 
bones  between  which  they  lie,  as,  for  example,  occipito-parietal,  occipito- 
mastoid, fronto-ethmoid,  parieto-sphenoid,  <bc.  Those  which  occur  in  the 
arch  of  the  skull  require  more  particular  notice.  The  cranium  is  intersected 
superiorly  by  three  great  serrated  sutures,  two  of  which,  placed  transversely, 
correspond  to  the  anterior  and  posterior  margins  of  the  parietal  bones,  while 
the  third  lies  in  the  middle  line  and  passes  between  them.  On  each  side 
also  there  runs  an  inegular  longitudinal  line  of  suture  from  the  malar  to  the 
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occipital  bone,  bouudecl  by  the  froutal  and  parietal  bones  above,  and  the 
malar,  sphenoid,  and  temporal  bones  below. 


Fl?.  do, 


Fig.  49. — Lateral  or  Profile  View  op  the  same  Skull  as  that  represented  in 

THE  preceding  FiGURE.  ^ 

Placed  so  that  a  horizontal  line  passes  through  the  anterior  nasal  spine  and  meatus 
anditorius  externus.  1,  frontal  bone  ;  2,  parietal  bone — figures  1  and  2  are  placed  above 
the  temporal  ridge  of  these  bones ;  x  x  ,  coronal  suture  ;  3,  occipital  bone — the  figure 
is  placed  at  the  lower  end  of  the  lambdoidal  suture,  and  at  its  meeting  with  the  addi- 
tamentum  suturas  squamosa3  and  additaraentum  suturas  lambdoidalis  ;  3',  external  or  pos- 
terior occipital  protuberance ;  4,  great  wing  of  the  sphenoid  bone,  between  the  frontal,  ante- 
rior inferior  angle  of  the  parietal  and  squamous  part  of  the  temporal  bones ;  5,  the 
summit  of  the  squamous  part  of  the  temporal  bone  ;  6,  at  the  lower  part  of  the  same 
and  at  the  root  of  the  zygoma  immediately  over  the  meatus  auditorius  externus ;  7, 
mastoid  portion  of  the  temporal  bone,  in  front  of  which  is  the  mastoid  process — the  figure 
is  close  to  the  mastoid  foramen  ;  8,  the  left  condyloid  process  of  the  occipital  bone ;  9, 
the  anterior  opening  of  the  nares  or  nasal  notch  ;  10,  the  inner  wall  of  the  orbit,  on  the 
lachrymal  bone  ;  11,  the  malar  bone,  close  to  its  junction  with  the  zygoma  ;  12,  superior 
maxillary  bone — the  figure  is  placed  on  the  body  behind  the  canine  fossa  ;  13,  ramus  of 
the  lower  jaw,  at  its  middle  ;  14,  body  of  the  lower  jaw,  near  the  mental  foramen. 

The  fronto-pa/rietal,  or  coronal  suture,  connects  the  frontal  and  the  two 
parietal  bones.  It  commences  at  each  side,  about  an  inch  behind  the 
external  orbital  process  of  the  frontal  bone,  above  the  gi-eat  wing  of  the 
sphenoid,  and  mounts  upwards  and  backwards  to  the  vertex.  It  presents 
the  most  marked  dentations  in  the  middle  of  each  lateral  half;  at  the 
summit  the  serrated  surface  is  oblique,  the  frontal  bone  overlapping  the 
parietal,  while  similarly  at  the  lower  part  the  parietal  overlaps  the  froutal. 

The  occijnto-parietal,  or  lambdoidal  suture,  situated  between  the  occipital 
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and  parietal  bones,  inclines  downwards  and  outwards  on  eacli  side  and 
has  somewhat  of  the  form  of  the  Greek  letter  A.  The  occipito-mastoid 
suture  {udditainentum  sutune  lamhduidalis)  is  in  continuation  with  it. 

The  parietal,  or  sagittal  sutwe,  counects  the  two  parietal  bones  :  it  is 
continued  in  children,  and  not  uufrequeutly  in  adults,  by  a  suture  between 
the  two  halves  of  the  frontal  bone,  the  frontal  suture. 

The  spheno-parietal  sulxire,  the  line  of  contact  of  the  parietal  bone  and 
great  wing  of  the  sphenoid,  is  about  half  an  inch  in  extent.  It  is  absent 
only  in  very  rare  cases,  and  then  the  frontal  and  temporal  bones  come  into 
contact. 

The  temporo-parictal  suture  consists  of  two  very  distinct  parts,  the 
squamous  suture,  arched  in  direction,  in  which  the  scale-like  margin  of  the 
squamous  portion  of  the  temporal  bone  overlays  the  similar  margin  of  the 
parietal,  and  the  paricto-mastoid  suture  (additamentum  sutiwce  squamosa}), 
which  is  thick  and  seri'ated. 

From  the  nature  of  the  squamous  suture,  the  inferior  margins  of  the  parietal  bones 
cannot  be  pressed  outwards  by  forces  acting  either  from  above  or  from  within,  without 
at  the  same  time  pushing  before  them  the  squamous  margins  of  the  temporals. 
When  the  pars  squamosa  is  thus  acted  on,  it  may  either  bulge  outwards  alone,  or  may 
press  downwards  the  base  of  the  pars  petrosa.  Both  phenomena  are  observable  in 
broad  skulls. 

OssA  Tkiquetra. — Supernumerary  ossicles  are  found  in  a  great  number  of  skulls, 
interposed  between  the  cranial  bones,  like  islets  in  the  sutures.  They  are  called  ossa 
tn'qiietra,  ossa  Wormii,  ossa  suturarum,  &c.  They  are  of  irregular  form,  with  margins 
adapted  to  the  character  of  the  sutures  in  which  they  are  situated.  They  are  most 
frequently  found  in  the  occipito-parietal  suture,  where  they  occur  sometimes  in  great 
numbers,  more  or  less  symmetrically  arranged  ;  in  other  instances,  one  or  several  bones 
of  considerable  size  may  occupy  the  place  of  the  superior  part  of  the  occipital.  They 
are  less  frequent  in  the  parietal  suture  and  at  the  anterior  fontanelle,  are  found  only 
in  small  numbers  in  the  fronto-parietal  suture,  and  rarely  occur  in  the  squamous. 
A  single  triquetrous  bone  intervenes  sometimes  between  the  parietal  and  sphenoid  ; 
and  still  more  frequently  between  the  parietal  and  the  place  of  meeting  of  the  squamous 
and  mastoid  portions  of  the  temporal. 

GENERAL  CONFORMATION  OF  THE  SKtXLl. 
THE  EXTERIOR. 

The  surface  of  the  skuU  may  be  conveniently  divided  into  superior, 
inferior,  anterior,  and  lateral  regions. 

The  SUPERIOR  REGION,  extending  fi-om  the  supra-orbital  ridges  in  front  to 
the  supei-ior  curved  line  of  the  occipital  bone  behind,  and  bounded  laterally 
by  the  temporal  ridges,  is  smooth  and  convex,  covered  only  by  the  muscular 
fibres  and  fascia  of  the  occipito-frontalis  muscle  and  the  integument.  It  is 
of  an  oval  form,  broader  in  the  parietal  than  the  frontal  region,  flattened  in 
front,  and  projecting  somewhat  in  the  middle  behind. 

The  ANTBRiOR  REGION  of  the  skull,  below  the  forehead,  presents  the 
openings  into  the  orbits,  bounded  by  the  frontal,  malar,  and  superior 
maxillary  bones  ;  and  between  the  orbits,  the  bridge  of  the  nose,  formed  by 
the  nasal  bones  and  ascending  processes  of  the  superior  maxillaries.  Below 
the  nasal  bones  is  the  nasal  aperture,  of  an  inverted  heart  shape  :  its  thin 
margin  gives  attachment  to  the  nasal  cartilages,  and  projects  forwards  in  the 
middle  line  below  as  the  nasal  spine.  Below  the  nasal  aperture  are  the 
incisor  fossaa  of  the  upper  jaw  ;  below  the  orbits  are  the  canine  fossse  ;  and 
external  to  the  canine  fossjB  are  the  prominences  of  the  cheeks,  formed  by 
the  anterior  inferior  parts  of  the  malar  bones.     The  lower  jaw  completes  the 
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skeleton  of  the  face  beloAv.  The  foramina  in  this  region,  on  each  side,  are 
the  supra-orbital  foramen  or  notch  iii  the  superior  margin  of  the  orbit,  tlie 
infra-orbital  foramen  below  the  inferior  margin  of  the  orbit,  the  mental 
foramen  of  the  lower  jaw,  and  the  small  irregular  foramina  of  the  malar 
bone. 

The  orbits  are  pyramidal  fosste,  irregularly  quadrilateral,  with  their  bases 


Fig.  60. 


Fig.  50.  —Section  of  the  Skull  of  a  Man  of  Middle  Age,  in  two  planes,  one  op 
ArniOH  PASSES  veetioally  thkough  the  Left  Orbit  to  the  inner  side  of  its 

MIDDLE,  AND  THE  OTHER  OBLIQUELY  FROM  BEHIND  THE  OrBIT,  BACKWARDS  AND 
OUTWARDS,  THROUGH  THE  TYMPANUM  AND  MASTOID  PROCESS,  AND  TO  THE  OUTSIDE 

OF  THE  Foramen  Rotundum  and  Foramen  Ovale.  ^ 

1,  section  of  the  frontal  bone  in  the  roof  of  the  orbit  :  2,  left  nasal  bone ;  3,  nasal 
process  of  the  superior  maxillary  bone  ;  4,  left  lachrymal  bone,  and  in  front  the  groove 
of  the  nasal  duct ;  5,  placed  on  the  os  planum  of  the  ethmoid  bone,  below  the  anterior  of 
the  ethmoid  foramina;  6,  is  placed  below  the  root  of  the  lesser  wing  of  the  sphenoid  bone, 
between  the  optic  foramen  and  the  posterior  internal  orbital  or  ethmoid  foramen,  and 
close  to  the  foramen  lacerum  orbitale  ;  7,  floor  of  the  orbit,  formed  by  orbital  plate  of 
the  superior  maxillary  bone — the  figure  is  placed  close  to  the  inside  of  the  infra-orbital 
groove ;  8,  is  placed  on  the  orbital  plate  of  the  palate  bone,  in  front  of  and  above  the 
spheno-palatine  foramen  and  spheno-maxillary  fossa  ;  9,  marks  the  upper  extremity  of  the 
posterior  palatine  (or  palato-maxillary)  canal ;  towards  11  in  the  fossa  is  the  opening  back- 
wards of  the  Vidian  canal ;  10,  the  cranial  opening  of  the  foramen  rotundum — its  anterior 
opening  is  seen  in  the  spheno-maxillary  fossa;  11,  section  of  the  great  wing  of  the 
sphenoid  bone  outside  the  round  and  oval  foramina  ;  12,  is  placed  close  to  and  between  the 
spinous  and  oval  foramina ;  13,  is  placed  on  the  anterior  surface  of  the  petrous  bone,  near 
the  apex,  or  in  the  fossa  of  the  Gasserian  ganglion  ;  towards  the  orbit  are  seen  the 
foramen  lacerum  anterius,  sigmoid  groove  of  the  internal  carotid  artery,  and  pituitary 
fossa,  below  the  figure  and  externally  the  hiatus  Fallopii ;  14,  the  pituitary  fossa,  with 
the  anterior  and  posterior  clinoid  processes  ;  15,  section  of  the  petrous  bone  above  the 
labyrinth  ;  two  of  the  semicircular  canals  are  opened  ;  immediately  below  is  the  tym- 
panum. The  inner  wall  is  seen  with  the  promontory,  fenestra  ovalia  and  pyramid 
in  shadow ;  forwards,  at  x ,  the  opening  of  the  tympanum  towards  the  Eusta- 
chian canal,  and  backwards,  below  16,  the  opening  into  the  mastoid  cells;  17,  left 
styloid  process — that  of  the  right  side  is  seen  in  perspective  below  the  skull,  close  by  the 
occipital  condyle  ;  18,  tuberosity  of  the  superior  maxilla  ;  19,  canine  fossa  ;  20,  nasal 
notch  and  anterior  nasal  spine  ;  21,  inner  wall  of  the  antrum  seen  by  the  removal  of  its 
outer  wall  ;  above  the  figure  is  an  irregular  opening,  viz.,  the  opening  of  the  antrum 
into  the  middle  meatus  of  the  nose,  and  above  that  the  uncinate  process  of  the  ethmoid 
bone.  The  figure  21  is  placed  below  the  deflected  plate  of  the  inferior  turbinated  bone, 
where  it  completes  a  part  of  the  inner  wall  of  the  antrum. 
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directed  forwards  and  outwards,  their  inner  walls  being  nearly  parallel,  and 
their  outer  walls  diverging  so  much  as  to  be  at  right  angles  one  to  the  other. 
The  roof  of  each  orbit  is  formed  by  the  orbital  process  of  the  frontal  and  the 
small  wing  of  the  sphenoid  bone  ;  the  floor  consists  of  the  orbital  processes 
of  the  malar  and  superior  maxillary  bones,  and  of  the  small  orbital  surface 
of  the  palate  bone  at  the  back  part ;  the  inner  wall  consists  of  the  ascending 
process  of  the  superior  maxillaiy,  the  lachrymal,  the  ethmoid,  and  the 
sphenoid  bone ;  and  the  outer  wall  of  the  orbital  surfaces  of  the  malar  bone 
and  great  wing  of  the  sphenoid.  The  sphenoidal  fissiwe  (foramen  lacernm 
orbitale),  at  its  inner  extremity,  occupies  the  apex  of  the  orbit,  while  its 
outer  and  narrower  part  lies  between  the  roof  and  the  external  wall.  The 
foramen  opticum  is  internal  and  superior  to  the  sphenoidal  fissure.  In  the 
angle  between  the  external  wall  and  the  floor  is  the  splieno-maxillary  fissure, 
bounded  by  the  sphenoid,  palate,  superior  maxillary,  and  malar  bones,  and 
leading  into  the  spheno-maxillary  fossa  at  its  back  part,  and  the  zygomatic 
fossa  at  its  fore  part.  Passing  forwards  from  the  margin  of  the  spheno- 
maxillary fissure  is  the  commencement  of  the  infra-orbital  canal,  grooving 
the  posterior  part  of  the  floor  of  the  orbit.  At  the  fore  part  of  the  inner 
wall  is  the  lachrymal  groove,  formed  by  the  superior  maxillary  and  lachrymal 
bones,  and  leading  into  the  nasal  duct  :  further  back,  between  the  ethmoid 
and  frontal  bones  are  the  anterior  and  posterior  internal  orbital  foramina  ; 
in  the  anterior  margin  of  the  roof  is  the  supra-orbital  foramen  or  notch  ; 
and  in  the  outer  wall  are  the  minute  foramina  which  perforate  the  malar  bone. 

The  LATERAL  REGION  of  the  skull  presents  in  a  horizontal  line  from 
behind  forwards  the  mastoid  process,  the  external  auditory  meatus,  the 
glenoid  fossa,  with  the  condyle  of  the  lower  jaw,  and  the  zygomatic  or  ma- 
lar arch,  formed  by  the  zygomatic  process  of  the  temporal  bone  and  the 
posterior  part  of  the  malar.  When  the  head  of  the  lower  jaw  is  in  the 
glenoid  cavity,  the  coronoid  process  lies  internal  to  the  malar  arch.  The 
upper  part  of  the  space  bridged  over  by  this  arch  is  called  the  temporal 
fossa,  the  lower  part  the  zygomatic  fossa,  the  line  of  division  being  the 
rough  ridge  which  divides  the  external  surface  of  the  great  wing  of  the 
sphenoid  bone  into  an  upper  and  lower  portion.  The  temporal  fossa  is 
occupied  by  the  temporal  muscle  ;  it  is  bounded  superiorly  by  the  temporal 
ridge  ;  and  the  frontal,  parietal,  sphenoid  and  malar  bones  take  part  in 
its  formation.  The  zygomatic  fossa  is  occupied  in  part  by  the  external 
pterygoid  muscle  ;  its  wall  is  formed  internally  by  the  external  pterygoid 
plate,  superiorly  by  the  lower  part  of  the  great  wing  of  the  sphenoid  bone 
and  anteriorly  by  the  superior  maxillary.  Inferiorly  the  external  pterygoid 
plate  comes  nearly  into  contact  with  the  superior  maxillary  bone,  but  is 
usually  separated  from  it,  though  not  always,  by  a  thin  portion'  of  the 
pyramidal  process  of  the  palate  bone  ;  superiorly,  it  is  divided  from  it  by 
the  ptcrygo-maxillary  fissure,  a  vertical  opening,  which  leads  into  the  spheno- 
maxillary fossa,  and  which  is  continued  above  into  the  outer  extremity  of 
the  horizontal  spheno-maxillary  fissure  opening  into  the  orbit. 

The  spheno-maxillary  fossa  is  the  space  which  lies  in  the  angle  between 
the  pterygo-maxillary  fissure  and  the  inner  or  posterior  half  of  the  spheno- 
maxillary fissure.  It  is  bounded  posteriorly  by  the  external  pterygoid 
process  and  mferior  division  of  the  anterior  surface  of  the  gi-cat  vdno-  of 
the  sphenoid  bone,  anteriorly  by  the  tuberosity  of  the  superior  maxiflary 
bone,  and  internally  by  the  vertical  plate  of  the  palate  bone.  Into  this 
narrow  space  five  foramina  open,  viz.,  on  the  posterior  wall,  the  foramen 
rotundum,  the  Vidian  canal,  and,  between  the  sphenoidal  process  of  the 
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the  root 
on  tho 


palate  boue  and 
palatine  canal  ; 
by  the  palate  bone  and 
opening  into  the  nasal 
canal,  which  leads 
maxillary  bones. 


down 


of  tho  internal  pterygoid  plate,  the  pterygo- 
umer  wall,  the  spheno-palatine  foramen  fonued 
a  small  part  of  the  sphenoidal  spongy  bone,  and 
cavity  ; 
to  tho 


and  inferiorly,  the  posterior  palatine 
palate  between  the  palatal  and  superior 


Fig.  51. — Basis  of  tiik 
Skull,  viewed  from 
below,  without  the 
iNi'EiiioR  Maxillary 
Bone.  ^ 

1,  palatine  plate  of  the 
superior  maxillary  bone — 
the  figure  is  placed  near 
the    mesial   suture ;  2, 
palatine    plate    of  the 
palate  boue — the  figure  is 
placed   below  the  trans- 
verse suture  between  the 
palate  and  superior  max- 
illary bones  ;  3,  the  an- 
terior palatine  foramen, 
showing     four  smaller 
foramina  within  ;    4,  is 
placed  outside  the  pos- 
terior palatine  foramen, 
inside  the  tuberosity  of 
the     superior  maxilla, 
and    in    front    of  the 
smaller  posterior  palatine 
foramiua    in    the  pyra- 
midal process  of  the  palate 
bone  ;  5,  inner  surface  of 
the    external  pterygoid 
plate  of  the  sphenoid  bone ; 
6,  is  placed  within  the 
posterior  openiug  of  the 
nares  on  the  inner  surface 
of  the  internal  pterygoid 
plate ;    7,   is   upon  the 
upper  part  of  the  posterior 
edge  of  the  vomer ;  x 
marks  the  posterior  open- 
ing of  the  pterygo-pala- 
tine  canal,  and  is  placed 

above  or  in  front  of  the  posterior  opening  of  the  Vidian  canal  in  the  foramen  la- 
cerum  anterius  ;  8,  spheno-maxillary  fissure  leading  into  the  orbit  ;  9,  foramen 
spinosum  ;  10,  foramen  ovale;  11,  is  placed  on  the  apex  of  the  petrous  bone,  be- 
tween the  foramen  lacerum  anterius  and  the  inferior  opening  of  the  carotid  canal ;  12, 
is  placed  in  the  jugular  (or  digital)  fossa  of  the  temporal  boue,  and  indicates  the  foramen 
lacerum  posterius  ;  13,  on  the  articular  eminence  of  the  inner  root  of  the  zygoma  in  front 
of  the  glenoid  cavity  of  the  temporal  bone  ;  14,  meatus  auditorius  externus  ;  15,  glenoid 
cavity  in  front  of  the  fissure  of  Glaser  ;  1(3,  tympanic  plate  or  posterior  part  of  the  glenoid 
cavity,  close  to  the  styloid  jirocess,  below  which  is  seen  the  stylo-mastoid  foramen  ;  17, 
mastoid  process,  and  to  its  inside  the  digastric  and  occipital  grooves  ;  1 8,  basilar  process 
of  the  occipital  bone,  and  in  front  the  mark  of  the  still  incomplete  union  with  the  body  of 
the  sphenoid  bone  ;  19,  condyloid  articular  process  of  the  occipital  bone  ;  20,  is  placed  in 
the  foramen  magnum,  and  points  to  the  lower  openiug  of  the  anterior  condyloid  foramen  ; 
21,  posterior  opening  of  the  posterior  condyloid  foramen  ;  22,  jugular  process  of  the 
occipital  boue,  to  its  inner  side  the  jugular  notch,  to  its  outer  and  above,  the  stylo- 
mastoid foramen  ;  23,  is  placed  on  one  side,  in  front  (above  in  the  figure)  of  the  external 
occipital  protuberance,  and  the  line  indicates  the  upper  part  of  the  external  ocoipit,al 
spine  ;  24,  superior  curved  line  of  the  occipital  bone  ;  25,  inferior  cui-ved  line  ;  2(j, 
groove  and  ridge  of  insertion  of  obliquus  capitis  superior  muscle. 
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The  liJFJiRiOB  KEGiON,  or  external  base  of  the  skull,  exteudmg  from  the  iucisor 
teeth  to  the  occipital  protuberance,  aucl  trausversely  from  the  uiastoid  process 
and  dental  arch  on  one  side  to  the  corresponding  points  on  the  other,  is  divisible, 
on  removal  of  the  lower  jaw,  into  an  anterior,  middle,  and  posterior  part. 

The  a/nterior  part  consists  of  the  palate  and  the  alveolar  arch.  It  is 
traversed  longitudinally  by  a  mesial  suture,  and  transversely  by  that  between 
the  maxillary  and  palate  bones.  Anteriorly,  in  the  middle  line,  is  the 
anterior  palatine  foramen,  with  the  four  smaller  foramina  contained  within 
it ;  posteriorly,  on  each  side,  at  the  base  of  the  alveolar  border,  is  the 
posterior  palatine  foramen,  and  external  and  posterior  to  that,  the  posterior 
and  external  small  palatine  foramina.  The  palate  is  surrounded  in  .  front 
and  on  the  sides  by  the  alveolar  arch  and  teeth  of  the  upper  jaw. 

The  middle  part,  extending  back  to  the  front  of  the  foramen  magnum,  is 
the  most  complicated.  Its  central  portion  has  been  called  the  guttural  fossa. 
In  the  middle  lijie  is  the  basilar  process  of  the  occipital  bone,  and  in  front  of 
that  the  body  of  the  sphenoid  bone,  concealed  anteriorly  by  the  extremity  of 
the  vomer.  On  each  side,  the  petrous  portion  of  the  temporal  bone  reaches 
as  far  forwards  as  the  extremity  of  the  basilar  process ;  and  between  the  petrous 
and  squamous  poi-tions  of  the  temporal  is  the  back  part  of  the  great  wing  of 
the  sphenoid  bone.  Between  this  division  of  the  base  of  the  skuU  and  the 
jjalate  are  the  posterior  nares,  separated  by  the  vomer,  and  bounded  above 
by  the  body  of  the  sphenoid  bone,  below  by  the  horizontal  plates  of  the 
jjalate  bones,  and  on  the  sides  by  the  internal  pterygoid  processes.  Between 
the  pterygoid  plates  is  the  pterygoid  fossa  ;  and  placed  in  an  oblique  line  back- 
Wiirds  and  outwards  from  this  are  the  foramen  ovale,  foramen  spinosum,  and 
processus  spinosus  ;  while  behind  and  parallel  to  these  is  a  groove  for  the 
Eustachian  tube,  formed  by  the  margins  of  the  sphenoid  bone  and  pars 
petrosa,  leading  into  the  Eustachian  orifice,  and  in  a  line  with  the  fissure  of 
Glaser.  Between  the  apex  of  the  pars  petrosa,  the  basilar  process,  and  the 
sphenoid  bone,  is  the  foramen  lacerum  anterius  basis  crajdi,  called  also /omme?i 
lacerum  medium,  on  the  external  wall  of  which  opens  the  carotid  canal, 
and  on  the  anterior  the  Vidian  caaal ;  it  is  closed  inferiorly  by  a  plate 
of  cartilage,  but  its  area  is  crossed  by  the  internal  carotid  artery  and  by  the 
Vidian  nerve.  Behind  the  pars  petrosa,  and  bounded  posteriorly  by  the 
jugular  fossa  of  the  occipital  bone,  is  the  foramen  juyulare,  or  foramen 
lacerum  posterius :  it  is  divided  into  a  large  external  and  posterior  part, 
bounded  anteriorly  by  the  jugular  fossa  of  the  temporal  bone,  and  occupied 
by  the  jugular  vein  ;  and  a  small  anterior  and  inner  part,  bounded  by  a 
portion  of  the  pars  petrosa  distinct  from  the  jugular  fossa,  and  transmitting 
the  glosso-phaiyngeal,  vagus,  and  spinal  accessory  nerves.  The  two  parts  of 
the  foramen  lacerum  posterius  are  sometimes  completely  sejiarated  by  a 
spiculum  of  bone.  Anterior  to  this  opening  is  the  carotid  foramen,  external 
to  it  is  the  stylo-ma&toid  foramen  and  styloid  process,  and  internal  to  it  is 
the  anterior  condyloid  foramen. 

The  posterior  part  of  the  inferior  region  presents  on  each  side  of  the 
fore  part  of  the  foramen  magnum,  in  a  transverse  line  outwards,  the  occi- 
pital condyle,  the  rough  surface  for  the  rectus  capitis  lateralis  muscle,  the 
occipital  groove  of  the  temporal  bone,  the  digastric  fossa,  and  the  mastoid 
process.  Behind  is  the  inferior  division  of  the  expanded  part  of  the  occipital 
bone,  with  its  ridges  and  muscular  impressions. 
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TUB  INTERIOR,  OV  THE  SKUIL. 

1.  The  Cranial  Cavity. — The  walls  of  the  cranium  present  two  layers 
of  compact  tissue,  the  outer  and  inner  tables,  and  between  these,  in  the 
greater  pai-t  of  their  extent,  cancellated  substance,  called  dijdoe.    The  inner 

Fig.  62.  —  Inteknal 
Basis  op  the  Skull, 
opened  bt  a  hori- 
zontal incision  one 

INCH  ABOYE  THE  Su- 

pra-Orbital  Arches 
and  extehnal  occi- 
PITAL Protube- 
rance. 4 

1,  anterior  fossa  and 
roof  of  the  orbit,  as 
foi-med  by  the  frontal 
bone,  marked  by  im- 
pressions of  cerebral 
convolutions ;  2,  is  close 
to  the  foramen  ccECum 
and  in  iront  of  the 
crista  galli  and  cribri- 
form plate  of  ethmoid  ; 
3,  is  close  behind  the 
ethmoidal  spine  of  the 
sphenoid  and  behind  the 
cribriform  plate  ;  4, 
lesser  wing  of  Ingras- 
sias,  terminating  pos- 
teriorly in  the  anterior 
clinoid  process,  inside 
■which  the  inner  open- 
ing of  the  optic  fo- 
ramen is  seen  ;  5,  the 
pituitary  fossa,  in  front 
of  it  the  olivary  emin- 
ence and  transverse 
groove  of  the  optic 
commissure  ;  6,  the  inclined  plate  of  the  body  of  the  sphenoid,  or  dorsum  sellae,  ter- 
minating in  the  posterior  clinoid  processes,  and  to  the  side  of  these  the  sigmoid  groove  of 
the  internal  carotid  artery  ;  7,  foramen  rotundum,  to  the  inner  side  of  which  anteriorly, 
but  not  seen,  is  the  foramen  lacerum  orbitale  ;  8,  foramen  ovale  ;  9,  foramen  spinosum  ; 
10,  is  placed  on  the  ridge  of  the  petrous  bone,  near  its  apex,  and  to  the  inside  of  the 
hollow  occupied  by  the  Gasserian  ganglion  ;  in  front  of  this  is  the  foramen  lacerum  ante- 
rius  ;  11,  is  placed  internal  to  the  eminence  of  the  superior  semicircular  canal  of  the  laby- 
rinth, and  behind  the  hiatus  Fallopii ;  12,  is  upon  the  prominent  ridge  of  the  petrous 
bone,  in  which  (on  the  opposite  side)  the  superior  petrosal  groove  is  marked  ;  13,  is  upon 
the  posterior  surface  of  the  petrous  bone — to  the  inside,  the  meatus  auditorius  internus, 
behind,  the  scale  of  bone  covering  the  aqueduct  of  the  vestibule  ;  14,  basilar  groove  ; 
15,  inner  or  upper  opening  of  the  anterior  condyloid  foramen  ;  16,  jugular  part  of  the  fora- 
men lacerum  posterius  ;  17,  outer  part  of  the  groove  of  the  lateral  sinus,  where  it  crosses 
the  lower  angle  of  the  parietal  bone  ;  18,  internal  occipital  protuberance,  and  between  it 
and  the  foramen  magnum,  the  internal  occipital  spine  ;  between  17  and  18,  the  upper  part 
of  the  groove  of  the  lateral  sinus,  between  17  and  16  the  lower  part ;  19,  cerebellar  fossa. 

or  vitreous  table  has  a  smooth,  close-grained,  shining  appearance,  is  hard  and 
brittle,  and  is  thrown  into  irregular  digitate  impressions  corresponding  to  the 
convolutions  of  the  brain.  The  thinnest  portions  of  the  cranial  wall  are  the 
cribriform  plate  of  the  ethmoid  and  the  orbital  plates  of  the  frontal  bone, 
in  both  of  which  the  diploe  is  entirely  absent ;  in  the  middle  part  of  the 
inferior  occipital  fossse,  and  in  the  squama  and  glenoid  fossa  of  the  temporal, 
the  bone  is  also  very  thin  and  compact. 
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The  upper  part  of  the  cranial  cavity  forms  an  imbrokcn  arch  ;  the  lower 
part  is  divisible  iuto  three  parts  or  fossue  having  dillereiit  levels. 

The  anterior  fossa,  formed  by  the  orbital  plates  of  the  frontal  bone,  the 
small  wing  of  the  sphenoid,  and  the  cribriform  plate  of  the  ethmoid,  sup- 
ports the  anterior  lobes  of  the  brain.  It  is  deepest  opposite  the  ethmoid 
bono,  and  convex  over  the  orbits.  It  is  pierced  by  the  foramina  of  the 
cribriform  plate,  and  by  the  foramen  coecum  in  front  of  the  crista  galli  of 
the  ethmoid  bone. 

The  middle  fossa  presents  a  mesial  and  two  lateral  parts.  The  mesial 
part  is  small,  being  formed  by  the  olivary  process  and  sella  turcica  of  the 
sphenoid  bone,  and  limited  behind  by  the  dorsum  selltB.  The  lateral  part 
on  each  side,  formed  by  the  great  wing  of  the  sphenoid,  the  squamous  part 
of  the  temporal,  and  the  anterior  surface  of  the  petrous  part,  lodges  the 
middle  lobe  of  the  brain.  The  foramina  of  the  middle  fossa  are  the  fora- 
men opticum,  the  sphenoidal  fissure,  foramen  rotundum,  foramen  ovale, 
foramen  spinosum,  foramen  lacerum  medium,  and  hiatus  Fallopii. 

The  posterior  fossa,  deeper  and  larger  than  the  others,  extends  back  to  the 
occipital  protuberance,  and  lodges  the  cerebellum  and  medulla  oblongata. 
The  occipital  bone  and  the  petrous  and  mastoid  portions  of  the  temporal 
bone  take  part  in  its  formation.  In  the  posterior  surface  of  the  pars  pe- 
trosa,  which  limits  this  fossa  anteriorly  on  each  side,  is  the  internal  audi- 
toiy  meatus,  below  it  is  the  foramen  lacerum  posterius,  below  and  internal 
to  that  is  the  anterior  condyloid  foramen,  and  in  the  middle  line  is  the 
foramen  magnum. 

Grooves  for  Bloodvessels. — The  groove  of  the  middle  meningeal  artery 
commences  at  the  foramen  spinosum  of  the  sphenoid  bone,  and  ramifies 
principally  on  the  squamous  portion  of  the  temporal  bone  and  on  the 
parietal.  The  groove  of  the  internal  carotid  artery  lies  on  the  side  of  the 
body  of  the  sphenoid  bone,  and  terminates  on  the  internal  margin  of  the 
anterior  clinoid  process.  The  groove  of  the  superior  longitudinal  sinus, 
commencing  at  the  foramen  coecum  in  front  of  the  crista  galli  of  the  ethmoid 
bone,  enlarges  as  it  passes  backwards  in  the  middle  line  of  the  roof  of  the 
skull,  and  terminates  at  the  internal  occipital  protuberance.  At  that  point 
commence  the  grooves  of  the  lateral  sinuses,  which  pass  outwards  on  the 
occipital  bone,  cross  the  posterior  inferior  angles  of  the  parietal  boneg, 
descend  on  the  mastoid  portions  of  the  temporal  bones,  run  inwards  again  on 
the  occipital,  and  turn  forwards  to  terminate  at  the  jugular  foramen.  The 
groove  of  the  inferior  petrosal  sinus  Lies  between  the  petrous  portion  of  the 
temporal  bone  and  the  basilar  process  ;  that  of  the  superior  petrosal  sinus 
extends  along  the  superior  angular  edge  of  the  petrous  portion. 

Thb  Nasal  Cavities  and  CoMMUNiCiTiNG  Sinuses. — The  nasal  cavities 
are  placed  one  at  each  side  of  the  middle  line,  being  separated  by  a  vertical 
septum.  They  open  in  front  and  behind  by  the  anterior  and  posterior 
nares  already  described,  and  communicate  by  foramina  with  the  sinuses  of 
the  frontal,  ethmoid,  sphenoid,  and  superior  maxillary  bones.  Their  vertical 
extent,  as  well  as  that  from  before  backwards,  is  considerable,  but  the 
transverse  width  of  each  is  very  limited,  especially  in  the  upper  part. 

The  internal  wall,  or  septum  nariim,  is  formed  principally  by  the  central 
plate  of  the  ethmoid  bone  and  the  vomer  ;  but  the  frontal  spine,  the  rostrum 
of  the  sphenoid  bone,  and  the  crests  of  the  maxillary  and  palate  bones 
likewise  enter  into  its  composition.  It  presents  a  great  angular  deficiency 
in  front,  which  in  the  recent  state  is  filled  up  by  the  septal  cartilage.  lu 
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very  many  caBos  it  deviates  from  the  middle  line,  and  more  frequently  to  the 
eft  than  to  the  nght  side.    The  concave  side  is  that  on  which  the  ala  of 
the  vomer  is  most  intimately  connected  with  the  ethmoid. 


Fig.  63. — Veetical  Section  op  the  Adult  Skull  in  an  Antero-Posterior 
Plane,  passing  a  little  to  the  left  of  the  middle,  showing  the  Septum 
Narium,  ka.  4 

1,  nasal  bone  ;  2,  perpendicular  plate  of  the  ethmoid  bone,  with  olfactory  foramina 
and  grooves  at  its  uppprpart ;  3,  vomer  ;  4,  nasal  process  of  the  right  sujjerior  maxillary 
bone,  forming  part  of  the  wall  of  the  right  nasal  fossa;  below  this  tlie  anterior  extremity 
of  the  right  inferior  turbinated  bone,  and  below  that,  at  x ,  the  fore  part  of  the  right 
inferior  meatus  of  the  nose  ;  5,  crista  galli  ;  6,  inner  surface  of  the  frontal  bone  ;  7,  of 
the  parietal  bone  ;  8,  squamous  part  of  the  temporal,— all  these  being  marked  by  grooves 
of  cerebral  convolutions  and  meningeal  vessels  ;  9,  placed  on  the  occipital  bone  below  the 
internal  or  anterior  occipital  protuberance  ;  10,  the  posterior  or  external  occipital  pro- 
tuberance ;  11,  placed  on  the  condyloid  process  belciw  the  anterior  condyloid  foramen  ; 
12,  placed  on  the  posterior  surface  of  the  petrous  bone  below  the  meatus  auditoriua 
internus  ;  between  9  and  12  the  groove  of  the  right  lateral  sinus,  crossing  also  the  mastoid 
bone;  13,  placed  above  the  sella  turcica  and  between  the  anterior  and  postei'ior  clinoid 
processes ;  14,  part  of  the  left  frontal  sinus,  the  figure  being  placed  on  the  left  side  of  the 
septum,  between  the  left  and  the  right  sinus  ;  15,  part  of  the  left  sphenoidal  sinus,  the 
figure  being  placed  on  the  septum  of  the  sinuses  ;  16,  hard  palate  and  alveolar  arch — 
the  figure  is  placed  near  the  lower  opening  of  the  posterior  palatine  canal,  and  the  grooves 
which  extend  forwards  from  it ;  17,  anterior  nasal  spine  ;  18,  section  of  the  left  superior 
maxillary  bone,  and  near  the  place  to  which  the  line  points,  the  section  of  the  lower  part 
of  the  anterior  palatine  canal  ;  19,  placed  on  the  inner  surface  of  the  ramus  of  the  lower 
jaw,  below  the  sigmoid  notch,  and  above  the  inferior  maxillary  foramen  ;  20,  inner  surface 
of  the  body  of  the  jaw  on  the  oblique  or  mylo-hyoid  ridge  ;  21,  section  of  the  lower  jaw, 
near  the  symphysis  ;  behind  the  symphysis,  and  between  21  and  22,  the  mental  or  genioid 
spines  ;  23,  groove  for  the  mylo-hyoid  nerve. 
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The  roof  is  horizontal  in  its  mi.lillo  part,  but  sloped  downwards  before  and 
behind  The  middle  part  is  formed  by  the  cribriform  plate  of  the  ethmoid 
bone,  the  fore  part  by  the  frontal  and  nasal  bones,  and  the  back  part  by  the 

sphenoidal  spongy  bone.  i     i  4.  i. 

The  floor  formed  of  the  palate  plates  of  the  maxillary  and  palate  bones, 
is  smooth,  and  concave  from  side  to  side.  Towards  its  anterior  extremity  is 
the  superior  orifice  of  the  incisor  canal. 

pig_  54. — Vertical  Antero-  F'S-  54. 

Posterior  Section  of  a 
Part  of  the  Cranium,  to 
THE  Left  of  the  Middle, 

VIEWED     FROM    THE  InNER 

Side,  to  show  the  Odter 
Wall  op  the  Left  Nasal 
Fossa,  &a.  ^ 

1,  nasal  bone  ;  2,  nasal  pro- 
cess of  the  superior  maxillary 
bone  ;  3,  ascending  plate  of  the 
palate  bone  ;  4,  superior  turbi- 
nated bone  of  the  ethmoid — 
below  it  the  superior  meatus, 
behind  it  tlie  opening  into  the 
left  sphenoidal  sinus ;  5,  the 
middle  turbinated  bone — below 
it  the  middle  meatus,  in  which 
are  seen  the  uncinate  process  of 
the  ethmoid,  and  between  it 
and  the  inferior  turbinated  bone 
the  opening  into  the  maxillary 
sinus,  superiorly  and  anteriorly, 
the  opening  of  the  infundibulum  and  ante,  ior  ethmoidal  cells ;  behind  it,  and  above  S, 
the  spheno-palatine  foramen  ;  6,  the  inferior  turbinated  bone— below  it  the  inferior 
meatus  x  x ,  below  these  marks  the  section  of  the  palatine  plates  of  the  left  palate  and 
superior  maxillary  bones  ;  7,  the  left  frontal  sinus  ;  8,  the  left  sphenoidal  sinus  ;  9,  the 
left  optic  foramen  in  the  root  of  the  lesser  wing  of  the  sphenoid  and  anterior  clinoid 
process  ;  10,  the  ridge  of  the  dorsum  sellae  divided ;  and  between  9  and  10,  the  sella  tur- 
cica ;  11,  is  placed  on  the  posterior  surface  of  the  petrous  bone,  close  to  the  internal 
auditory  meatus  ;  12,  is  placed  on  the  basilar  process  of  the  occipital  bone,  close  to  the 
foramen  lacerum  posterius;  13,  is  placed  below  the  anterior  condyloid  foramen  ;  14,  left 
styloid  process  ;  15,  external,  and  16,  internal  pterygoid  processes  ;  17,  posterior  palatine 
canal  aud  grooves. 


The  external  wall  is  the  most  extensive.  The  bones  which  take  part  in 
its  formation  are  the  nasal,  superior  maxillary,  ethmoid,  lachrymal,  inferior 
spongy,  and  palate  bones,  and  the  internal  pterygoid  plates.  The  superior 
and  inferior  turbinated  processes  of  the  ethmoid  bone  (superior  and  middle 
turbinated  bones),  aud  the  inferior  spongy  bone,  projecting  inwai-da, 
overhang  three  galleries  or  meatus.  The  superior  meatus,  very  short, 
is  directed  domiwards  and  forwards  between  the  superior  and  inferior 
turbinated  processes  of  the  ethmoid  bone  ;  into  it  open  anteriorly  the 
posterior  ethmoidal  cells,  and  posteriorly  the  spheno-palatine  foramen. 
The  middle  meatus,  the  space  between  the  inferior  turbinated  process  of 
the  ethmoid  and  the  inferior  spongy  bone,  communicates  at  its  foro 
part  with  the  anterior  ethmoidal  cells,  and,  by  means  of  the  infundi- 
bulum, with  the  frontal  sinus,  while  in  its  middle  is  the  opening  of  th(! 
maxillary  sinus.  The  inferior  meatus,  longer  than  the  others,  lies  below 
the  inferior  spongy  bone,  between  it  and  the  floor  of  the  nasal  cavity  ;  in 
its  fore  part  is  the  orifice  of  the  nasal  duct. 
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The  Sinuses  are  hollows  within  certaiu  cranial  bones,  which  coramuuicate 
with  the  nasal  cavities  by  narrow  orifices,  and  are  named  etfmioidal, 
frontal,  sphenoidal,  and  maxillary.  The  maxillary  sinus  begins  to  be  formed 
about  the  fourth  mouth  of  foetal  life  ;  the  frojital,  ethmoidal,  aud  sphenoidal 
first  appear  during  childhood,  but  remain  of  small  size  up  to  the  time  of 
puberty,  when  they  imdergo  a  great  enlargement.  In  advanced  life  they 
all  increase  in  size  by  absorption  of  the  cancellated  tissue  in  their  vicinity. 
The  ethmoidal  sinuses  are  numerous  smaller  spaces  in  the  lateral  masses  of 
the  ethmoid  bone.  The  frontal  sinuses,  formed  in  the  substance  of  the 
frontal  bone,  communicate  with  the  middle  meatus  narium  through  the 
infundibula  of  the  ethmoid  bone.  The  s2)henoidal  sinuses,  hollowed  out  in 
the  sphenoid  bone,  aud  limited  below  aud  in  front  by  the  sphenoidal  spongy 
bones,  open  anteriorly  opposite  the  posterior  ethmoidal  cells. 

The  maxillary  si'ii.us  is  of  an  irregular  pyramidal  form  ;  its  apex  points  to 
the  malar  tuberosity  ;  its  sides  are  formed  by  the  orbital  and  lateral  plates 
of  the  superior  maxillary  bone  ;  its  base,  or  internal  wall,  which  separates 
it  from  the  nasal  cavity,  is  formed  by  the  maxillary,  palate,  and  inferior 
tiu:binated  bones,  and  the  uncinate  process  of  the  ethmoid  ;  an  irregular  gap 
or  deficiency  being  left  between  the  uncinate  process  and  the  inferior  tur- 
binated bone,  by  which  the  sinus  opens  into  the  middle  meatus.  The  alveolus 
of  one  of  the  molar  teeth  generally  forms  a  marked  projection  in  the  floor 
of  the  sinus,  at  its  outer  part. 
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DEVELOPMENT  OF  THE  SKULL, 

Eaely  Development  of  the  Head. — When  the  head  of  the  embryo  has  become 
so  far  developed  as  to  rise  completely  out  from  the  plane  of  the  germinal  mem- 
Fig.  55,  Fig.  55. — Magnified  side  view  of  the  Head 

AND  Upper  Part  of  the  Bodt  of  an 
Embryo-Chick  of  the  Fourth  Day  (adapted 
from  Remak  and  Huxley). 

1,  chorda  dorsalis ;  2,  three  of  the  upper 
primitive  cervical  vertebras ;  C,  first  cerebral 
vesicle,  with  the  nasal  fossa  below  ;  C-,  second 
part  of  the  first  cerebral  vesicle,  or  thalamus 
opticus,  with  the  eye  below  it ;  C^,  the  middle 
cerebral  vesicle;  G\  the  cerebellum,  between 
which  and  the  cervical  vertebrjB  is  the  medulla 
oblongata,  these  two  constituting  the  fiist  and 
second  parts  of  the  third  cei-ebral  vesicle.  At 
the  upper  part  of  the  chorda  dorsalis,  where  it 
afterwards  reaches  the  post-sphenoid,  is  seen  the 
rectangular  bend  of  the  middle  of  the  cranium, 
•which  takes  place  at  the  sella  turcica  ;  and  in 
front  of  this,  towards  the  eye,  the  pointed  iufim- 
dibulum  •  V  the  rudiment  of  the  trigeminus  nerve  ;  VII,  the  facial ;  "VIIl,  the  vagus  ; 
IX  the  hvpo"lossal ;  in  front  and  below  these  numbers  respectively,  first  the  upper  and 
lower  iaw  or^tirst  branchial  arch,  with  the  first  cleft,  which  becomes  the  meatus  auditorius 
externus ;' and  lower  down  the  second,  third,  and  fourth  branchial  arches  aud  clefts  in 
succession  ;  in  front  of  these  the  aortic  bulb  attaches  the  heart ;  between  YII  and  \  III, 
the  auditory  vesicle. 

brane  two  curvatures  forwards  are  observed,  the  posterior  of  which  is  at  the 
iuncti'on  of  the  head  with  the  spinal  column,  while  the  anterior  is  opposite  the  second 
cerebral  vesicle,  and  is  so  placed  that  the  fore  part  of  the  skull  is  bent  at  right  angles 
to  the  back  part  Behind  the  anterior  curvature,  the  ventral  margins  of  the  dorsal 
plates  are  thrown  on  each  side  into  four  processes,  the  branchial  or  visceral  arches 
behind  each  of  which  is  a  fissure  or  branchial  cUft  in  which  the  epithelial  layer  of 
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tl,P  m,11pf  nasscs  out  and  becomes  continuoiifl  with  that  of  the  integument.  In  a 
1^ Ifn  ml^o  of  thrca  weeks  of  age  all  the  arches  are  viBible  Crhomson).  The  first 
0  hi"hest  vi  ceral  arch  is  the  finst  to  appear,  and  it  is  likewise  the  first  to  unite  with 
Us  d  iw  of  the  opposite  side  :  it  forms  by  its  lower  part  the  out  ine  of  the  ower  jaw. 
The  posterior  or  upper  part  of  the  first  branchial  cleft  remains  as  the  external  aperture 
of  the  car  the  tympanic  cavity  and  the  Eustachian  tube,  while  its  anterior  part  together 
with  the  ^vhole  of  the  other  branchial  clefts  are  filled  up.  Connected  with  the  upper 
ed-e  of  the  fii-st  visceral  arch,  at  its  origin,  a  process  is  developed  tho  maxillary 
lobe  which  passes  forwards  beneath  the  eye,  forming  the  side  part  of  the  face.  The 
eves  are  formed  in  connection  with  the  sides  of  the  anterior  cerebral  vesicle,  and,  in 
front  of  them,  a  quadrilateral  mesial  lobe,  the  middle  frontal  process  passes  down  and 
forms  the  nose  and  middle  part  of  the  upper  lip.  At  the  angles  of  the  extremity  of 
the  middle  frontal  process  are  two  slight  lobes,  the  xnlernal  nasal  processes  of 
KiiUiker  •  above  these  are  two  notches,  the  rudimentary  nostrils,  and  between  the 
nostrils  and  eyes  another  pair  of  lobes,  the  external  nasal  processes  of  Kcilliker,  or 
lateral  frontal  processes  of  Reichert.  The  maxillary  lobe  becomes  united  to  the 
internal  and  external  nasal  processes  ;  but  between  it  and  the  latter  there  is  left  the 
nasal  duct.  About  the  ninth  week  the  inferior  parts  of  the  maxillary  lobes,  having 
sent  projections  inwards,  are  united  in  the  middle  line  and  form  the  palate. 


Fig.  56. 
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Fig.  56. — A.  Magnified  view  from  befoee  of  the  Head 

AND  Neck  of  a  Human  Embryo  of  about  three  weeks 

(from  Ecker,  Icones  Physiol.  Tab.  xxix.  fig.  I.). 

1,  anterior  cerebral  vesicle  or  cerebrum  ;  2,  middle  ditto  ; 
3,  middle  or  naso-frontal  process  ;  4,  superior  maxillary  pro- 
cess ;  5,  eye  ;  6,  inferior  maxillary  process  or  first  visceral 
arch,  and  below  it  the  first  cleft ;  7,  8,  9,  second,  third,  and 
fourth  arches  and  clefts. 

B.  Anterior  view  of  the  Head  of  a  Human  F(etus  of 

ABOUT  THE  FIFTH  WEEK  (from  Ecker,  as  before,  fig.  IV.). 

1,  2,  3,  5,  the  same  parts  as  in  A  ;  4,  the  external  nasal 
or  lateral  frontal  process  ;  6,  the  superior  maxillary  process  ; 
7,  the  lower  jaw  ;  x  ,  the  tongue  ;  8,  first  branchial  cleft 
becoming  the  meatus  auditorius  externus. 

Formation  of  the  a-anium. — The  chorda  dorsalis  passes 
into  the  base  of  the  skull,  as  far  forwards  as  the  sphe- 
noidal region.  According  to  the  observations  of  H.  Mliller 
on  the  calf  (Ueber  das  Vorkommen  von  Chordaresten,  &c., 
in  Zcitschr.  fiir  Rat.  Med.  3rd  series,  vol.  ii.),  it  extends 
from  the  odontoid  process  of  the  axis  through  the  basilar 
process  of  the  occipital  bone  to  the  back  of  the  dorsum 
sellae,  which  it  pierces,  and  is  lost  behind  the  pituitary 
body.  Before  attaining  the  osseous  state,  the  cranium  passes 
through  a  membranous  and  cartilaginous  condition,  in  which 
it  is  termed  the  primordial  a-anium.    In  the  membranous 

cranium,  the  blastema,  immediately  beyond  the  extremity  of  the  chorda  dorsalis, 
presents  two  thick  bars,  the  lateral  Irabeodoe  of  Eathkc,  with  a  very  thin  part 
in  the  middle  line  between  them,  corresponding  to  the  position  of  the  pituitary 
body  (see  fig.  57,  4).  These  trabcculai  unite  in  front  in  the  ethmoidal  region,  and  it  is 
to  be  remarked  that  in  the  cartilaginous  stage  the  ethmo-vomerine  cartilage  or  mesial 
septum  of  the  nose  is  continued  directly  forwards  from  the  region  containing  the 
chorda  dorsalis.  In  the  cartilaginous  stage  of  the  cranium  the  cartilage  can  only  be 
traced  in  the  ba.silar  parts,  and  corresponds  in  extent  to  the  occipital  bone  below  the 
level  of  its  protuberance,  the  petrous  and  mastoid  portions  of  the  temporal  bone,  the 
sphenoid  and  the  ethmoid,  while  the  part  of  the  wall  in  which  the  frontal  and  parietal 
bones,  the  upper  part  of  the  occipital,  and  the  squamous  portions  of  the  temporals 
appear,  remains  membranous.  The  extent,  however,  over  which  the  cartilage  of  the 
primordial  cranium  extends  difTers  in  difreicnt  animals,  and  is  greater  in  many 
mammals  than  in  man  (KiiUiker).   The  nasal  bones  are  derived  from  the  middle 
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fiontal  process  the  superior  maxillariea  from  the  maxillary  lobes,  and  the  lachrymals 
probably  from  the  lateral  frontal  lobes.  ' 


Kg.  67, 


Fig.  53. 


Fig.  67.— T  HE  Lower  or  Cartilaginous  part  of 
THE  Cranium  op  a  Chick  on  the  sixth  day 
(ft-om  Huxley,  Elements  of  Coinpar,  Anat.  Fie. 
57,  F';. 

1,  1,  chorda  dorsalis  ;  2,  the  shaded  portion  here 
and  forwards  is  the  cartilage  of  the  base  of  the  skull ; 
at  2  the  occipital  part ;  at  3  the  prolongations  of 
cartilage  into  the  anterior  part  of  the  skull  called 
trubecidce  cranii;  4,  the  pituitary  space  ;  5,  parts  of 
the  labyrinth. 

Formation  of  the  face.— In  studying  the  early  de- 
velopment of  the  bones  of  the  face  it  is  necessary 
likewise  to  take  into  consideration  the  ossicles  of 
the  ear,  viz.,  the  malleus,  incus,  and  stapes  ;  for  al- 
though in  the  adult  these  ossicles  are  so  minute,  and 

Fig.  58. — View  from  below  op  the  Carti- 
laginous Base  op  the  Cranium  with 
its  Ossific  Centres  op  a  Human  F<etus 
eight  inches  long  (about  five  months, 
from  Huxley,  as  before.  Fig.  59,  slightly  al- 
tered, the  bone  being  dotted  to  distinguish  it 
from  the  cartilage,  which  is  shaded  with  lines). 

1,  the  basilar  part,  2,  the  condyloid  or 
lateral  parts,  and  3,  4,  the  tabular  or  superior 
part  of  the  occipital  surrounding  the  foramen 
magnum ;  6,  centres  of  the  pre-sphenoid  on  the 
inside  of  the  optic  foramen  ;  6,  centres  of  the 
post-sphenoid ;  7,  centres  of  the  lesser  wings 
or  orbito-spbenoid  ;  8,  septal  cartilage  of  the 
nose  ;  9  &  10  parts  of  the  labyrinth. 


so  entirely  contained  within  the  cavity  of  the 
tympanum  that  they  have  not  been  included 
in  the  description  of  the  skull,  they  are  im- 
portantly connected  in  their  origin  with  a 
number  of  other  bones.  In  each  of  the  tliree  first  visceral  arches  a  strip  of  firm  tissue, 
which  becomes  cartilaginous,  appears.  That  of  the  first  nrch  is  the  most  perfect,  and 
is  divided  into  three  parts :  the  proximal  part  passes  forwards  some  distance  in 
contact  with  the  basis  cranii,  it  becomes  ossified  without  passing  through  a  cartilagi- 
nous stage,  and  from  it  are  developed  the  palate  bone  and  internal  pterygoid  plate  ; 
the  middle  part,  which  is  very  small,  forms  the  body  of  the  incus,  and  gives  off  two 
processes,  the  long  and  short  processes  of  that  ossicle ;  the  remaining  part,  much  the 
largest  of  the  three,  is  prolonged  downwards  to  meet  its  fellow  of  the  opposite  side  at 
the  extremity  of  the  arch,  and  is  named  Meckel's  cartilage  after  its  first  describer. 
(Meckel,  "  Handbuch  der  Mensch.  Anat.")  The  upper  extremity  of  Meckel's  carti- 
lage forms  the  malleus,  the  handle  of  which  is  developed  as  a  process  directed  back- 
wards. The  lower  portion  is  destined  ultimately  to  dwindle  away,  but  in  the  first 
instance  increases  in  size,  and  forms  a  rod,  on  the  external  surface  of  which  the 
lower  jaw  is  formed.  It  can  be  detected  on  the  internal  a.spect  of  the  ramus  of  the 
jaw.  up  to  the  eighth  month  of  fcetal  life,  but  its  only  permanent  vestige  is  the  processus 
gracilis  of  the  malleus,  which,  when  the  tympanic  cavity  becomes  closed  inferiorly  by 
the  growth  of  the  tympanic  plate,  remains  with  its  extremity  fixed  in  the  fissure  of 
Glaser.  The  proximal  extremity  of  the  cartilage  of  the  second  visceral  arch  forms 
the  stapes,  and  in  succession  downwards  from  this  are  found  the  stapedius  muscle, 
the  styloid  process  of  the  temporal  bone,  the  stylo  hyoid  ligament,  and  the  small 
cornu  of  the  hyoid  bone.  The  only  permanent  portions  of  the  cartilage  of  the  third 
visceral  arch  are  the  great  cornu  and  the  body  of  the  hyoid  bone,    (lleichert  "  Ucbcr 
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die  Vidceralbogen,"  Mailer's  Archiv,  1837.  See  for  a  figuic  of  Meckels  cartilage  the 
description  of  the  ossicles  of  the  ear.) 

Ossification.— The  occipital  bone,  for  some  time  after  birth,  consists  of  four  sepa- 
rate pieces,  a  basilar,  a  tabular,  aud  two  condyloid  parts.    The  lines  of  junction  of  the 

Fig.  69. — OsSIKIOATION  OP  THE 

Occipital  Bone. 

A,  in  a  fcetus  of  10  weeks 
(from  Meckel,  Archiy,  vol.  i. 
tab.  vi.)  ;  a,  upper  or  tabular 
part ;  1  &  2,  lower  and  upper 
pairs  of  ossific  centres  in  it ; 
b,  lower  part  or  basilar  and 
condyloid  portions  :  ossific  cen- 
tres are  seen  in  the  condyloid 
portions. 

B,  occipital  bone  of  a  child 
at  birth ;  a,  upper  or  tabular 
part,  in  which  the  four  centres 
have  become  united  into  one, 
leaving  fissures  between  them ; 
b,  b,  the  ossified  condyloid  por- 
tions ;  c,  the  basilar  portion. 

basilar  and  condyloid  parts  pass  through  the  condyles  near  their  anterior  extremities  ; 
those  of  the  condyloid  and  tabular  parts  extend  outwards  from  the  posterior  extremity 
of  the  foramen  magnum.  The  basilar  and  condyloid  parts  arise  each  from  one  osseous 
nucleus.  In  the  tabular  part  there  are  probably  in  most  cases  four  nuclei,  placed  in 
pairs  above  and  below  the  occipital  protuberance :  Meckel  mentions  four  additional 
nuclei,  placed  two  at  the  superior  and  one  at  each  lateral  angle  ("  Handbuch  der 
Mensch.  Anat.,"  ii.  §  543) ;  the  different  nuclei  speedily  unite  to  form  a  single  thin 
tabular  mass. 

The  parietal  bones  are  ossified  each  from  one  nucleus  which  is  placed  near  the 
centre  of  the  bone  or  at  the  parietal  eminence. 

The  frontal  bone  consists  for  a  year,  or  from  one  to  two  years  after  birth,  of  two 
lateral  portions,  which  not  unfrequently  remain  separate  during  life  (as  happens  also 

Fig.  60. — Fkontal  Bone  op  a  Fceius  shortly 
BEFORE  Birth. 

a  &  6  indicate  the  two  separate  portions  of 
the  bone,  in  each  of  which  the  radiation  of 
bony  spicula  from  the  frontal  eminence  is 
seen. 

in  the  majority  of  animals),  with  a  vertical 
suture  between  them,  the  frontal  suture. 
Ossification  begins  on  each  side  from  a 
single  nucleus  above  the  orbit,  or  in  the 
place  of  the  frontal  eminence. 

The  Fontanelles.  Opposite  the  angles  of 
the  parietal  bones,  there  are  spaces  which 
remain  unoccupied  by  bone,  after  the  osseous  wall  of  the  skull  is  elsewhere  completed. 
Two  of  these,  the  anterior  and  posterior  fontanelles,  are  in  the  middle  line ;  the 
lateral  fontanelles,  two  on  each  side,  are  opposite  the  inferior  angles  of  the  parietal 
bones,  and  are  less  important.  The  anterior  fontanelle,  situated  between  the  adjacent 
angles  of  the  parietal  bones  and  the  ununited  halves  of  the  frontal  bone,  is  quadran- 
gular in  form,  and  remains  open  for  some  time  after  birth.  The  posterior  fontanelle, 
situated  between  the  parietal  bones  and  the  superior  angle  of  the  occipital  bone  is 
triangular;  it  is  filled  up  before  birth,  but  during  parturition  the  compression  of  the 
child  8  head  forces  the  angle  of  the  occipital  bone  beneath  the  edges  of  the  parietals, 

F  2 
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and  produces  a  triangular  depression  at  the  site  of  tiic  posterior  fontanelle,  wliicli  is 
easily  recognised  by  the  finger  of  the  accoucheur. 

The  tfinpoml  bone,  considered  in  respect  of  its  development,  consists  of  the 
squamous  and  petro-mastoid  parts,  the  tympanic  plate,  and  the  styloid  process.  The 
squamous  part,  inclusive  of  the  zygomatic  process,  is  ossilied  from  a  single  nuclcu.s. 
The  petrous  and  mastoid  portions  are  also  formed  from  only  one  centre :  bone  is  first 
deposited  on  the  anterior  surface,  over  the  cochlea,  and  there  afterwards  appear  one 
or  two  nuclei  on  the  posterior  surface,  in  connection  with  the  formation  of  the 
semicircular  canals ;  the  different  nuclei  soon  unite,  and  ossification  extends  into 
the  mastoid  process.  The  tympanic  plate  appears  in  the  membranous  wall  of  the 
tympanum  and  external  ear  as  a  slender  arch  of  bone  forming  three-fourths  of  a  ring, 
inclosing  the  membrana  tympani.  The  styloid  process  is  formed,  as  already  stated, 
in  the  second  visceral  arch. 


Fig-  Fig.  61. — Separate  parts  op  the  Temporal  Bonk 

OF  A  Child  at  Birth. 

a,  squamous  part  with  the  zygoma  ;  6,  the  tym- 
panic bone  forming  an  imperfect  ring  open  sui)eriorly ; 
c,  the  petrous  and  mastoid  part ;  c  being  placed  on 
the  mastoid  part ;  part  of  the  cavity  shown  is  the 
tympanum. 

The  sphenoid  bone  presents  in  infancy  traces 
of  a  natural  division  into  a  posterior  or  post- 
sphenoid  part,  to  which  the  sella  turcica  and  great 
wings  belong,  and  an  anterior  ov  pre-sphenoid  part, 
to  which  belong  the  body  in  front  of  the  olivary 
process  and  the  small  Avings,— a  division  which  is 
found  in  many  animals  complete  and  persistent 
through  life.  The  first  osseous  nuclei  of  the  post- 
sphenoid  division  occur  in  the  great  wings,  one  on 
each  side,  between  the  foramen  rotundum  and 
foramen  ovale,  and  spread  thence  outwards  into  the  wing  and  downwards  into  the 
external  pterygoid  process.  The  internal  pterygoid  processes  arise  from  distinct 
nuclei,  and,  although  in  the  human  subject  they  soon  unite  with  the  external 
pterygoid,  in  other  animals  they  remain  separate,  and  are  named  by  comparative 
anatomists  the  pterygoid  hones. 

Fig.  62. 


Fig.  62. — Ossification  of  the  Sphenoid  Bone. 

A  snhenoid  bone  from  a  fcetus  of  three  months,  seen  from  above ;  1,  1',  the  greater 
winJs  ossified  •  2,  2,  the  lesser  wings,  in  which  the  ossification  has  encircled  the  optic 
Soen  and  a  siall  suture  is  distinguishable  at  its  posterior  and  inner  side  ;  3,  two 
m  nd  granu  es  of  bones  in  the  body  below  the  sella  trircica,  the  rest  being  cartilaginous. 

B  Jpied  from  Meckel  (Archiv,  vol.  i.  tab.  vi.  fig.  23),  and  stated  to  be  from  a  foetus 
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of  six  months ;  2*,  additional  nuclei  for  the  lesser  wings  ;  5,  separate  lateral  processes 
of  the  body :  the  other  indications  are  the  same  as  in  A. 

C,  sketch  of  the  back  part  of  the  bone  shown  in  A  ;  4,  the  internal  pterygoid  processes 
still  separate. 

D,  the  sphenoid  at  the  usual  period  of  birth.  The  great  wings  are  still  separate.  The 
anterior  sphenoid  is  now  joined  to  the  body,  and  the  internal  pterygoid  processes  (not 
seen  in  the  figure)  are  united  to  the  external. 

In  the  post-sphenoid  part  of  the  body  two  granules  appear,  placed  side  by  side  in 
the  sella  turcica,  and  after  their  union  two  others  appear,  from  which  are  formed 
the  parts  on  which  are  placed  the  carotid  grooves.  In  the  pre-sphenoid  division  the 
first  pair  of  nuclei  appear  outside  the  optic  foramina,  and  extend  by  their  growth  into 
the  small  wings  :  another  pair  of  granules  appear  on  the  inner  sides  of  the  foramina, 
and  the  pre-sphenoid  portion  of  the  body  either  results  from  the  union  of  these,  or 
is  an  independent  growth.  The  pre-sphenoid  is  united  to  the  body  of  the  post- 
sphenoid  long  before  the  latter  is  united  to  the  great  wings.  Their  line  of  union  is 
indicated  for  some  time  by  a  hole  filled  with  cartilage,  round  above,  and  opening 
inferiorly  into  a  wide  notch,  which  is  recognisable  for  several  years  after  birth.  The 
body  of  the  pre-sphenoid  is  for  a  year  or  two  broad  and  rounded  inferiorly,  but 
becomes  gradually  narrower  and  more  prominent :  it  is  separated  at  first  by  a  layer  of 
fibro-cartilage  from  the  sphenoidal  spongy  bones.  The  sphenoidal  sponr/y  bones 
seldom  appear  till  after  birth :  each  is  in  early  life  a  hollow  pyramid  formed  by  the 
union  of  three  separate  laminaa,  viz.,  an  inferior,  an  external,  and  a  superior :  the 
inferior  lamina  forms  the  greater  part  of  what  can  be  distinguished  in  the  adult; 
the  external  is  that  to  which  the  orbital  portion  belongs ;  while  the  superior  lamina, 
forming  the  inner  wall  and  roof  of  the  original  sphenoidal  sinus,  becomes,  as  the 
sinu.s  expands,  partly  absorbed  and  partly  united  to  the  attenuated  body  of  the  pre- 
sphenoid,  which  is  ultimately  reduced  to  the  thin  septum  sphenoidale  and  the 
ro.strum. 

The  ethmoid  bone  exhibits  osseous  deposit  first  in  the  orbital  plates,  whence  it 
spreads  into  the  turbinated  portions;  in  its  mesial  part  ossification  begins  above 
and  passes  down  into  the  nasal  septum,  and  outwards  into  the  cribriform  plate. 

The  superior  maxillary  bone  commences  to  ossify  at  a  very  early  period — imme- 
diately after  the  lower  maxilla  and  the  clavicle,  and  before  the  vertebree.  Its  early 
growth  has  not  yet  been  suflicieutly  studied.    Bgclard  (Meckel's  Archiv.,  vi.  p.  432) 


Fig.  63. 


Fig.  63.— DlFPEKENT  VIEWS  OF  THE  StTPERIOR  MaXILLART  BoNB  OP  A  FoETUS  OF  FOUR 

OR  FIVE  MONTHS. 

A,  external  surface;  a  fissure,  1,  is  seen  extending  through  the  orbit  into  the  infra- 
orbital foramen. 

B,  the  internal  surface  ;  the  incisor  fissure,  2,  extends  from  the  foramen  upwards 
through  the  horizontal  plate  and  some  way  into  the  nasal  process. 

C,  the  bone  from  below,  showing  the  imperfect  alveoli  and  the  incisor  fissure,  2',  1, 
which  crosses  the  palatine  plate,  between  the  second  and  third  alveolus,  and  passes  through 
the  outer  part  of  the  bone. 

states  that  it  consists  at  first  of  five  pieces,  viz,,  1,  an  alveolar  arch ;  2,  a  palatal  part ; 
3,  an  orbital  and  malar;  4,  a  nasal  and  facial;  5,  an  incisor  part.  This,  however, 
does  not  appear  to  be  a  constant  arrangement.  In  all  young  subjects,  and  sometimes 
even  m  the  adult,  there  is  a  fissure,  the  incisor  fissure,  passing  outwards  from  the 
incisor  foramen  to  the  alveolar  border,  in  front  of  the  canine  socket.    The  part  in 
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front  of  this  fissure— namely,  that  which  bears  the  incisor  teeth— forms  in  all 
mammals  except  man  a  separate  bone,  the  inlermaxiUary  or  preniaxillary ;  and 
anatomists  have  therefore  sought  with  great  care  for  proofs  of  its  original  independence 
in  the  human  subject,  but  it  does  not  appear  that  even  in  the  earliest  stages  of  develop- 
ment it  has  been  seen  by  any  one  entirely  unattached  to  the  rest  of  the  bone,  or  that 
its  line  of  suture  has  been  traced  upon  the  facial  surface.  On  the  other  hand,  in 
cases  of  completely  cleft  palate,  the  bones  supporting  the  incisor  teeth  are  placed  on 
a  projecting  portion  of  bone,  which  is  articulated  to  the  fore  part  of  the  vomer,  and 
is  entirely  detached  from  the  superior  maxillary  bones. 

The  palate  bone  is  formed  from  a  single  centre,  which  is  deposited  at  the  angle 
between  its  horizontal  and  ascending  parts. 


Fig.  64. 


Fig.  64, — The  Fcetal  Vomer  near  the  time  of  birth. 

1  &  2  show  the  two  plates  of  which  the  bone  consists,  and 
which  are  united  behind  and  below. 


The  vomer  begins  to  ossify  posteriorly  near  the  upper  part. 
It  consists  at  first  of  two  laminae  united  posteriorly  and 
inferiorly.  The  inferior  border  afterwards  exhibits  a  flat  surface  marked  by  a  mesial 
line,  which  articulates  with  the  maxillary  and  palate  bones  and  ends  abruptly 
behind  the  crista  nasalis.  The  margins  of  this  surface  become  gradually  absorbed. 
The  appearance  of  a  mesial  plate  does  not  take  place  for  a  little  time  after  birth. 

The  malar,  nasal,  lachrymal,  and  inferior  turbinated  bones  are  each  ossified  from 
a  single  centre. 


Fig  65. 


Fig.  65.  —  The  Inferior  Maxilla  of  a 
Child  at  birth. 
a  &  5  indicate  the  two  portions  separate  at 
the  symphysis. 


The  inferior  maxilla  begins  to  ossify  be- 
fore any  other  bone  except  the  clavicle.  It 
consists  of  two  equal  lateral  parts,  which 
are  still  separate  at  the  time  of  birth.  The 
ossific  matter  is  at  first  deposited  in  fibrous 
tissue,  and  later  in  cartilage.  Some  ob- 
servers admit  only  a  single  ossific  centre 
for  each  side  (Nesbitt  and  Meckel) ;  while, 
according  to  others,  in  addition  to  the  main  piece  there  are  separate  nuclei  for  the 
coronoid  process,  the  condyle,  the  angle,  and  the  inner  side  of  the  alveolus  (Spix), 
or  only  for  some  of  these  parts  (Kerckringius,  B^clard,  Cruveilhier).  The  dental  canal 
is  at  first  a  simple  open  groove.  As  in  the  superior  maxilla  the  alveoli  are  gradually 
developed  from  the  groove  by  its  division  into  compartments  by  partitions  of 
subsequent  growth. 

The  hyoid  bone  has  five  points  of  ossification— one  for  the  body,  and  one  for  each 
of  its  great  and  small  cornua.  The  ossification  begins  in  the  great  cornua,  and  soon 
follows  in  the  body  in  the  last  month  of  foetal  life. 


PERIODS  OF  OSSIFICATION  OF  THE  BONES  OF  THE  SKULL. 

In  the  occipital  bone—  .         kxi.      wr  *  i  tp  . 

Ossification  of  the  tabular  part  appears  m  the  7th  week  (foetal  lite). 

Ossification  of  the  basilar  part  appears  in  the  7th  or  8th  week. 

Ossification  of  the  condyloid  part  appears  in  the  7th  or  8th  week. 

The  condyloid  and  tabular  parts  unite  in  the  4th  year. 

The  basilar  and  condyloid  parts  unite  in  the  5th  or  6th  year. 
In  the  parietal  bone  ossification  appears  in  the  7th  or  8th  week. 
In  the  frontal  bone  ossification  appears  in  the  7th  week. 

The  parts  of  the  frontal  bone  unite  in  the  course  of  the  2nd  year. 
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lu  the  temporal  bones—  . 

Ossification  of  the  squamous  part  appears  in  the  7th  or  8th  week. 
Ossification  of  the  petro-mastoid  part  appears  in  the  4  th  month. 
Ossification  of  the  ossicula  auditus  appears  in  the  4th  month. 
Ossification  of  the  tympanic  ring  appears  in  the  3rd  month. 
Ossification  of  the  styloid  process  appears  after  puberty. 
The  squamous,  petro-mastoid,  and  tympanic  parts  unite  in  the  Ist  year. 

In  the  sphenoid  bone — 

Ossification  of  the  great  wings  appears  in  the  8th  week. 
Ossification  of  the  posterior  part  of  the  body  appears  in  the  8th  or  9th  week. 
Ossification  of  the  internal  pterygoid  processes  appears  in  the  4th  month. 
Ossification  of  the  anterior  part  of  the  body,  including  the  small  wings,  appears 

in  the  8th  or  9th  week.  ,  u •  r. 

Ossification  of  the  sphenoidal  spongy  bones  appears  about  tlie  time  of  birth. 
The  centres  of  the  posterior  part  of  the  body  unite  in  the  4th  month. 
The  internal  and  external  pterygoid  processes  unite  in  the  5th  or  6th  month. 
The  anterior  and  posterior  parts  of  the  body  unite  in  the  8th  month. 
The  body  and  great  wings  unite  in  the  1st  year. 

The  sphenoidal  spongy  bones  and  the  body  unite  about  the  age  of  puberty. 

In  the  ethmoid  bone — 

Ossification  of  the  lateral  masses  appears  in  the  4th  or  5t.h  month. 

Ossification  of  the  vertical  and  cribriform  plates  appears  in  the  1st  year. 
In  the  superior  maxillary  bones  ossification  appears  in  the  6th  or  7th  week. 
In  the  palate,  vomer,  nasal,  and  malar  bones  ossification  appears  in  the  7th  or 

8th  week. 

In  the  lachrymal  bones  ossification  appears  in  the  8th  week. 

In  the  inferior  turbinated  bones  ossification  appears  in  the  5th  month. 

In  the  inferior  maxillary  bone  ossification  appears  in  the  6th  week. 

The  two  parts  of  the  inferior  maxillary  bone  unite  in  the  1st  year. 

In  the  hyoid  bone — 

Ossification  of  the  body  and  great  cornua  appears  before  birth. 
Ossification  of  the  small  cornua  appears  in  the  1st  year. 

THE  VERTEBRAL  THEORY  OF  THE  SKULL. 

The  idea  that  the  skull  is  composed  of  a  series  of  vertebrje,  whose  arches  are  expanded 
and  united  to  enclose  and  protect  the  encephalon,  appears  to  have  originated  with 
Goethe  in  1791,  but  occurred  independently  to  Oken,  and  was  first  published  by  him 
in  1807.  Since  then  many  conflicting  theories  have  been  brought  forward  on  the  subject 
by  different  anatomists,  who  have  estimated  the  cranial  vertebrae  at  numbers  varying 
from  three  to  seven ;  while  by  others  the  idea  has  been  entirely  rejected,  and  even 
the  possibility  of  referring  the  bones  of  the  skull  to  distinct  segments  denied.  Some 
of  the  facts  in  favour  of  the  vertebral  theory  are  sufficiently  manifest.  Thus,  the 
basilar  process  of  the  occipital  bone,  and  the  mesial  parts  of  the  post-sphenoid  and 
pre-sphenoid  bones,  lie  in  series  with  and  bear  considerable  resemblance  to  the  centra 
or  bodies  of  vertebrae,  as  is  seen  particularly  in  those  animals  in  which  the  pre- 
sphenoid  and  post-sphenoid  bones  remain  distinct :  the  visceral  arches  of  the  embryo 
likewise  form  a  series  :  in  the  roof  of  the  skull  a  certain  degree  of  repetition  of  parts 
from  behind  forwards  is  also  visible,  especially  in  some  of  the  lower  animals :  the 
mode  of  formation  of  the  head  and  of  the  trunk  is  almost  the  same  up  to  the  time 
when  the  primordial  vertebrte  appear  in  the  latter :  and  lastly,  the  general  resemblance 
of  the  occipital  bone  to  a  vertebra  is  admitted  by  all.  On  the  other  hand,  as  it 
must  be  allowed  that  there  is  no  original  division  of  the  cartilaginous  basis  of  the 
cranium,  in  that  part  of  it  which  lies  in  front  of  the  sphenoid  bone,  and  to  which 
the  chorda  dorsalis  does  not  penetrate,  it  is  not  easy  to  trace  a  resemblance  to  vertebral 
form ;  and  in  the  face  it  is  still  more  difficult  to  demonstrate  in  the  several  parts  a 
definite  arrangement  of  visceral  or  costal  arches.  Deterred  by  the  differences  of  opinion 
with  respect  to  the  number  of  cranial  segments  and  the  bones  which  belong  to  each, 
some  may  be  inclined  to  set  aside  the  discussion  entirely,  but  we  must  not  too  rashly 
decide  against  the  existence  of  such  segmentation,  nor  forget  that  some  correspondence 
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between  several  bones  of  the  skull  and  vertebrsB  in  man  and  animals  is  generally  ad- 
mitted by  scientific  anatomists,  and  that  the  difficulties  which  oppose  the  enunciation 
of  clearer  views  on  the  serial  relations  of  the  cranial  elements  arise  in  great  measure 
from  deficient  information  and  want  of  agreement  among  anatomists  as  to  individual 
points  in  the  correspondence  of  those  elements  throughout  the  animal  series.  (See, 
in  addition  to  the  works  previously  referred  to,  Huxley,  "  Elements  of  Comparative 
Anatomy,"  1864  ;  Clcland,  "  On  the  Relations  of  the  Vomer,"  &c.,  Trans.  Hoy.  Soc. 
1862;  Spix,  "  Cephalogenesis,"  1815;  Von  Baer,  "  Entwickelungsgesch.  der  Thiere," 
1828—37  ;  Hallman,  "Die  Vergleich.  Anat.  des  Schlafenbeins,"  1837;  B  ojauus  in 
Isis,  1818—1819.) 

THE  VARIOUS  FOKMS  OF  THE  SKULL. 

I.  Differences  according  to  Age. — In  the  earlier  stages  of  its  development  the  posterior 
part  of  the  skull  bears  a  very  large  proportion  to  the  anterior  part ;  so  much  so,  that 
in  the  second  month  of  foetal  life  the  line  of  the  tentorium  cerebelli  is  vertical  to  the 
ba.sis  cranii,  and  divides  the  cranial  cavity  almost  equally  into  two  parts.  At  the  time 
of  birth  the  parietal  region  has  reached  its  largest  development  in  proportion  to  the 
occipital  and  frontal  regions.  The  greatest  frontal  breadth  is  then  smaller  in  pro- 
portion to  that  between  the  parietal  eminences  than  afterwai-ds.  In  the  first  years 
of  childhood  the  superior  parts  of  the  skull  grow  more  rapidly  than  the  base.  Thus, 
in  the  frontal  region,  the  upper  part  of  the  frontal  bone  grows  more  rapidly  than  its 
orbital  processes,  giving  the  prominent  appearance  of  the  frontal  eminences  peculiar 
to  children.  The  face  at  birth  is  calculated  as  being  scarcely  an  eighth  of  the  bulk 
of  the  rest  of  the  head,  while  in  the  adult  it  is  at  least  a  half  (Proriep,  "  Characteristik 
des  Kopfes  nach  dem  Entwicklungsgesetz  desselben").  In  harmony  with  the  growth 
of  the  face  the  lower  part  of  the  forehead  is  brought  forward  by  elongation  of  the 
anterior  cranial  fossa,  and  on  the  appi'oach  of  adult  age  it  becomes  in  the  male  still 
more  prominent  by  the  expansion  of  the  frontal  sinuses.  The  face  becomes  elongated 
in  the  progress  of  growth,  partly  by  increased  height  of  the  nasal  fossoe,  partly  by 
the  growth  of  the  teeth  and  the  enlargement  of  the  alveolar  arches  of  the  jaws.  In 
old  age  the  proportion  of  the  face  to  the  cranium  is  diminished  by  the  loss  of  the 
teeth  and  absorption  of  the  alveolar  portions  of  the  jaws.  In  consequence  of  this  the 
upper  jaw  retreats,  while  in  the  lower  jaw  the  same  cause  gives,  especially  when  the 
mouth  is  closed,  a  greater  seeming  prominence  to  the  chin. 

II.  Sexual  Differences. — The  female  skull  is,  in  general,  smaller,  lighter,  and  smoother 
than  that  of  the  male ;  it  is  less  marked  by  muscular  prominences,  and  has  also  the 
frontal  sinus  less  developed.  The  face  is  smaller  in  proportion  to  the  cranium,  the  jaws 
narrower,  and  the  frontal  and  occipital  regions  less  capacious  in  proportion  to  the 
parietal.  (Huschke.)  The  female  skull  resembles  the  formed  skull  of  the  boy  more 
than  that  of  the  adult  male  ;  but  it  must  also  be  admitted  that  it  is  often  impossible 
to  determine  the  sex  by  the  appearance  or  form  of  a  skuU. 

HI.  National  Differences.— 'fha.t  characteristic  forms  of  skull  are  presented  by  the 
various  races  of  men  has  probably  been  long  known,  but  was  first  distinctly  pointed 
out  by  Camper.  Subsequently  the  investigations  of  Blumenbach  raised  the  study  of 
those  diflFerent  forms  to  a  recognised  position  in  ethnology.  The  extent  and  constancy 
of  the  ethnical  differences  of  skulls  are  matters  open  to  discussion ;  but  it  must  be 
allowed,  that  although  many  skulls  are  to  be  met  with  which  fail  to  exhibit  the 
characteristics  of  the  race  to  which  they  belong,  or  which  present  peculiarities  similar 
to  those  of  nations  considerably  removed  from  them,  yet  not  only  are  there  certain 
forms  of  skull  highly  distinctive  of  the  principal  varieties  of  mankind,  but  the  pre- 
vailing form  in  one  nation  is  often  very  distinguishable  from  those  found  in  nations 
inhabiting  neighbouring  countries.  Great  differences  occur  with  respect  to  size  in 
the  skulls  of  different  nations.  Among  the  smallest  skulls  may  be  mentioned  those 
of  the  Hindoo  and  ancient  Peruvian  ;  among  the  most  massive  those  of  the  Scandi- 
navian, the  Caffre,  and  the  Maori.  Various  characters  are  found  belonging  to  the 
skulls  of  rude  tribes,  which  serve  to  distinguish  them  from  those  of  civilised  nations. 
Among  those  characters  may  be  mentioned,— a  depressed  appearance  between  the 
middle  line  of  the  calvarium  and  the  temporal  ridge,  both  of  which  stand  out  promi- 
nently, making  the  roof  of  the  skull  seem  like  a  house  top ;  a  greater  width  of  the 
zygomatic  arches,  and  of  the  anterior  nares ;  greater  strength  of  the  jaw8  and  teeth, 
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and  especially  projection  forwards  of  the  incisors,  so  lliat  those  of  tlie  upper  meet 
those  of  the  lower  jaw  at  an  angle,  ixistcad  of  botli  sets  being  nearly  perpendicular 
as  in  cultivated  nations.  Elongation  of  the  face  downwards  may  be  regarded  as  a 
specially  human  characteristic  connected  with  the  use  of  voice  and  speech,  but  projec- 
tion of  the  jaws  forwards  is  only  advantageous  for  the  seizure  of  food,  and  gives  an 
appearance  of  approach  to  the  still  further  projected  form  of  the  jaws  in  the  lower 
animals,  particularly  when  accompanied,  as  it  often  is^  by  deficient  development  of 
the  chin. 

The  degree  of  projection  of  the  face  in  diflFerent  races  of  men,  and  its  prominence 
and  increased  proportion  to  the  cranium  in  the  lower  animals.  Camper  proposed 
to  express  by  the  angle  contained  between  two  lines,  one  of  them  descending  from 
the  most  prominent  part  of  the  forehead  to  the  incisor  margin  of  the  upper  jaw,  the 
other  passing  through  the  meatus  auditorius  externus  and  the  nasal  spine  :  this  he 
termed  the  facial  awjle.  He  estimated  its  maximum  in  the  European  adult  at  80", 
and  in  the  skull  of  a  young  negro  he  found  it  diminished  to  70° ;  while  in  antique 
■works  of  art  he  pointed  out  that  it  was  increased  for  artistic  effect  to  90°  or  more, 
an  extent  never  realised  in  nature.  In  animals,  the  facial  angle  is  always  much 
lower  than  in  man.  According  to  Camper  and  Lawrence,  it  reaches  in  the  young 
orang  as  high  a  point  as  56°  or  60° ;  but  in  the  adult  orang  they  found  it  attaining 
only  to  47°,  while  Owen  finds  it  to  be  as  low  as  30°.  (Owen,  "Zoolog.  Trans," 
vol.  i.  p.  373.)  Several  modifications  of  Camper's  angle  have  been  suggested ;  but, 
like  it,  they  all  labour  under  the  disadvantage  of  being  subject  to  modification  from 
other  peculiarities  besides  the  relations  proposed  to  be  estimated. 

A  convenient  method  of  comparing  the  skulls  of  different  races  was  introduced 
by  Blumenbach,  and  has  been  much  employed, — the  norma  verticalis,  or  exami- 
nation of  the  skull  by  looking  perpendicularly  down  upon  it,  which  exhibits  in  one 
view  the  proportionate  length  and  breadth  of  the  cranium,  the  projection  of  the 
jaw  beyond  the  forehead,  and  the  lateral  prominence  of  the  zygomatic  arches.  In 
addition  to  the  norma  verticalis  and  profile  view,  Prichard  has  likewise  employed 
the  front  view  in  examining  skulls,  showing  that,  whereas  in  well-formed  European 
heads,  lines  drawn  from  the  zygomatic  arch  and  touching  the  temples  are  parallel, 
the  same  lines  in  the  skulls  of  Esquimaux  and  others  meet  over  the  forehead,  and 
form  with  the  basis  a  triangular  figure. 

More  recently,  a.  classification  of  skulls  has  been  made  by  Eetzius,  which  has 
met  with  considerable  acceptance.  According  to  his  arrangement,  they  may  be 
primarily  divided  into  the  dolichocephalic,  or  those  which  are  elongated  from  before 
backwards,  and  the  brachycephalic,  or  those  which  have  nearly  as  great  breadth  as 
they  have  length.  In  each  of  those  divisions  are  distinguished  the  prognathous  skulls, 
or  those  in  which  the  upper  jaw  is  visible  when  they  are  examined  by  the  norma 
verticalis,  and  the  orlhognathous,  in  which  the  jaw  is  overhung  by  the  forehead.  The 
nations  of  Western  Europe  present  the  orthognathous  dolichocephalic  type  of  skull;  the 
African  negro  the  prognathous  dolichocephalic  type ;  the  Slavonic  nations  exhibit  the 
orthognathous  brachycephalic  type ;  the  Mongolians  the  prognathous  brachycephalic. 
(Camper,  "On  the  Connection  between  Anatomy,  Drawing,  &c.,"transl.  by  Cogan, 
1794 ;  Blumenbach,  "  Institutions  of  Physiology,"  by  Elliotson,  1 820 ;  and  "  De  Generis 
Humani  Varietate  Nativa,"  1795  ;  Prichard,  "Researches  into  the  Physical  History  of 
Mankind,"  and  "  Natural  History  of  Man  ; "  Morton,  "  Crania  Americana Thurnam 
and  Davies,  "Crana  Britannica Huschke,  "Schildel,  Hirn,  und  Seele  des  Menschen 
und  der  Thiere,  &c.,"  1854;  Meigs,  "Cranial  Characteristics  of  the  Races  of  Men," 
Philad.  1857;  Retzius,  "On  the  present  State  of  Ethnology  with  reference  to  the 
Form  of  the  Skull,"  translated  in  Brit,  and  For.  Medico-Chir.  Review,  April  &  July, 
1860 ;  Carpenter,  in  "  Cyclop,  of  Anat.  and  Physiol.")  ' 

IV,  Trrer/ularittes  o/Foriii.—T^he  most  frequent  irregularity  in  the  form  of  the 
skull  is  want  of  symmetry.  This  sometimes  occurs  in  a  marked  degree,  and  there  is 
probably  no  skull  perfectly  symmetrical.  The  condition  which  haa  been  observed  to 
co-exist  most  frequently  with  irregular  forms  of  skull  is  si/iioslosis,  or  premature 
obliteration  of  certain  of  the  sutures.  The  cranial  bones  increase  in  size  principally 
at  their  margins ;  and  when  a  suture  is  prematurely  obliterated,  the  growth  of  the 
skull  in  the  direction  at  right  angles  to  the  line  of  suture  may  be  supposed  to  be 
checked,  and  increased  growth  in  other  directions  may  take  place  to  supply  the  defect 
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(For  an  account  of  the  varieties  of  form  thus  produced,  sec  Virchow,  "  Gesammeltc 
Abliandlungen,  1856.)  Another  series  of  irregular  forms  of  skull  is  that  produced 
by  pressure  artificially  applied  in  early  life,  and  is  best  exemplified  from  among 
those  American  tribes  who  compress  the  heads  of  their  children  by  means  of  an 
apparatus  of  boards  and  bandages :  it  is  also  illustrated  in  a  slighter  degree  bv 
individual  instances  in  which  undue  pressure  has  been  employed  unintentionally. 
(Uosse,^  'Essai  sur  les  Deformations  artificielles  du  Crane,"  1855.)  Posthumous 
distortions  likewise  occur  in  long-buried  skulls,  subjected  to  the  combined  influence 
of  pressure  and  moisture.    (Wilson,  "  Prehistoric  Annals  of  Scotland." ) 

IV.— BONES  OF  THE  UPPER  LIMB. 

The  superior  extremity,  or  upper  limb,  consists  of  the  shoulder,  the  arm, 
the  fore  arm,  and  the  hand.  The  bones  of  the  shoulder  are  the  scapula  and 
clavicle  ;  in  the  arm  is  the  humerus  ;  in  the  fore  arm  are  the  radius  and 
ulna  ;  and  in  the  hand  three  groups  of  bones,  the  carpus,  metacarpus,  and 
digital  phalanges. 

SOAPTILA. 

This  bone  is  placed  upon  the  upper  and  back  part  of  the  thorax,  occupies 
the  space  from  the  second  to  the  seventh  rib,  and  forms  the  posterior  part  of 
the  shoulder. 

It  is  attached  directly  to  the  trunk  only  by  the  clavicle,  and  from  it  is 
suspended  the  humerus. 

It  is  of  an  irregular  triangular  form,  flat  in  the  greater  part  of  its  extent, 
and  elongated  downwards  ;  and  is  so  placed,  that  its  internal  border  is 
likewise  posterior.  Its  angles  may  be  termed  superior,  inferior,  and  external. 

It  has  an  anterior  and  posterior  surface,  and  presents  at  its  external 
angle  the  head  with  its  glenoid  cavity  or  articular  surface  for  the  humerus, 
supported  on  a  short  thick  neck  of  bone,  and  surmounted  by  the  coracoid 
process  ;  also,  springing  from  its  posterior  surface,  the  s2oine  terminating  in 
the  acromion  process. 

The  anterior  surface  exhibits  in  the  greater  part  of  its  extent  a  shallow 
concavity,  the  fossa  suhscapidaris  or  venter,  occupied  by  the  subscapularis 
muscle,  and  marked  by  irregular  prominent  lines  converging  upwards  and 
outwards,  which  give  attachment  to  the  tendinous  intersections  of  that 
muscle.  Separated,  however,  from  this  concavity,  there  are  several  smaller 
flat  spaces  :  one  is  a  triangular  surface  in  front  of  the  superior  angle, 
another  is  a  smaller  surface  at  the  inferior  angle,  and  these,  together  with  a 
rough  lino  running  close  to  the  posterior  border  and  uniting  them,  give 
attachment  to  the  serratus  magnus  muscle  :  there  is  also  a  grooved  area 
occupied  by  the  lower  border  of  the  subscapularis  muscle,  close  to  the  ex- 
ternal border,  and  separated  from  the  fossa  subscapularis  by  a  prominent 
ridge  descending  from  the  neck  of  the  bone. 

The  posterior  surface  or  dorsum  is  divided  by  the  spine  into  two  unequal 
parts,  the  superior  and  smaller  of  which  is  called  fossa  supra- spinata,  the  in- 
ferior fossa  infra-spinata.  The  supra-spinous  fossa  has  its  greatest  vertical 
extent  at  its  internal  extremity,  but  is  deepest  externally  :  it  is  occupied  by 
the  supra-spinatus  muscle.  The  infra-spinous  fossa,  much  larger  than  the 
preceding,  presents  in  the  middle  a  convexity  corresponding  to  the  concavity 
of  the  venter,  and  outside  this  a  concavity  bounded  by  the  prominent 
external  border.  It  is  marked  near  the  inner  border  by  short  lines,  cor- 
responding to  tendinous  septa  of  the  infra- spin atus  muscle,  and  is  occupied 
by  that  muscle  in  the  greater  part  of  its  extent.  Adjacent  to  the  external 
border,  in  its  middle  third,  is  a  narrow  interval  giving  attachment  to  the 
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teres  minor  muscle  ;  and  beneath  this,  extending  over  the  inferior  angle,  is 
a  raL^d  oval  surfac;,  from  which  the  teres  major  arises.  These  spaces  are 
Lpa'ted  tom  that  of  the  infra-spinatus  muscle  by  a  rough  hue,  which 
aives  attachment  to  an  aponeurotic  septum.  •  Vwo..la 

The  .spine  of  the  scapula  is  a  massive  plate  of  bone  projecting  backwards 
from  the  dorsum,  and  curvii>g  slightly  upwards.    It  extends  outwards  and 
Fig.  66.  Pig- 
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Fig,  66. — Right  Scapula  from  behind.  J 

1,  glenoid  head  ;  2,  superior  angle  ;  3,  inferior  angle  ;  4,  spine  ;  4,  at  the  base,  points 
by  a  line  to  the  triangular  smooth  surface  of  the  spine;  5,  acromion  ;  6,  coracoid  process; 
7,  supraspinous  fossa ;  7',  infraspinous  fossa ;  1  to  2,  superior  border ;  2  to  3,  posterior  bor- 
der or  base  ;  1  to  3,  external  or  inferior  border  ;  10,  is  opposite  the  oval  surface  of  origin 
of  the  teres  major  muscle;  11,  the  oblique  groove  where  the  teres  minor  muscle  rises  ; 
12,  the  rough  ridge  where  the  long  head  of  the  triceps  rises  ;  13,  supra-scapular  notch  ; 
14,  is  below  the  great  scapular  notch. 

Fig.  67. — Right  Scapula  from  before.  | 

1,  5,  6,  &  13,  as  in  fig.  66;  6',  articular  facet  on  the  acromion  for  the  clavicle  ;  8, 
subscapular  fossa ;  9,  long,  narrow  surface,  and  9',  triangular  rough  surface,  separated 
from  the  subscapular  fossa  and  giving  attachment  to  the  upper  and  lower  parts  of  the 
serratus  magnus  muscle. 

a  little  upwards  from  the  internal  border  near  its  upper  fourth,  towards  the 
middle  of  the  neck,  and  becoming  gradually  elevated  towards  its  external 
extremity,  it  turns  forwards  aud  is  continued  into  the  acromion  process. 
The  upper  and  lower  surfaces  are  smooth,  of  a  triangular  form,  concave, 
aud  form  part  respectively  of  the  supraspinous  and  infraspinous  fossie. 
It  presents  two  unattached  borders,  the  most  prominent  of  which  arises 
from  the  internal  border  of  the  bone  by  a  smooth,  flat,  triangular  surfjice, 
on  which  the  tendon  of  the  inferior  part  of  the  trapezius  muscle  glides, 
as  it  passes  to  be  inserted  into  a  rough  thickening  beyond,  which  projects 
slightly  downwards.  In  the  rest  of  its  extent  this  border  is  rough,  broad, 
and  subcutaneous,  giving  attachment  by  its  superior  margin  to  the  trapezius, 
and  by  its  inferior  to  the  deltoid  muscle.  The  other,  the  external  border, 
short,  smooth,  and  concave,  arises  near  the  neck  of  the  scapula,  and  is  con- 
tinuous with  the  under  surface  of  the  acromion,  surrounding  thus  the  great 
scapular  notch  between  the  spine  and  the  neck  of  the  bone. 
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The  acromion  process,  projecting  outwards  and  forwards  from  the  extremity 
of  the  spine,  is  situated  above  and  behind  the  glenoid  cavity,  and  forms  the 
summit  of  the  shoulder.  It  is  an  expanded  process,  compressed  from  above 
downwards.  Its  superior  sm-face,  rough  aud  subcutaneous,  is  continuous 
with  the  prominent  border  of  the  spine;  its  inferior  surface,  smooth  and 
concave,  is  continuous  with  the  superior  surface  and  external  border  of  the 
spine.  ^  On  its  internal  border  anteriorly  is  a  narrow  oval  surface  for  articula- 
tion with  the  clavicle  ;  and  at  its  extremity  it  affords  attachment  to  the 
coraco-acromial  ligament. 

The  (jhnoid  cavity  is  a  slightly  concave  surface,  looking  outwards  and  a 
little  upwards  and  forwards.  It  is  ovoid  or  rather  pyriform  in  shape  with 
the  narrow  end  uppermost,  and  gently  incurved  in  front.  It  is  in  some 
degree  flattened  at  its  circumference,  where,  in  the  recent  state,  it  is  covered 
by  a  fibrous  band,  the  glenoid  ligament,  which  deepens  its  concavity  ;  and 
at  its  upper  extremity  is  a  slight  roughness,  marking  the  attachment  of  the 
long  head  of  the  biceps  muscle. 

The  7i,eck,  supporting  the  glenoid  cavity,  is  most  distinct  posteriorly,  where 
it  forms  between  the  glenoid  cavity  and  the  spine  the  great  scapular  notch  or 
groove,  leading  from  the  supraspinous  to  the  infraspinous  fossa.  The  line 
of  the  neck,  as  described  by  anatomists,  passes  superiorly  between  the  glenoid 
cavity  and  the  coracoid  process,  but  that  of  the  part  often  named  neck  by 
surgeons  passes  internal  to  the  coracoid  process. 

The  coracoid  process,  thick  and  strong,  springs  almost  vertically  from  the 
superior  border  of  the  bone,  above  the  glenoid  cavity,  but,  suddenly 
bending  at  a  right  angle,  is  directed  forwards  and  outwards.  Its  superior 
surface,  towards  the  base,  is  rough  and  uneven,  giving  origin  to  the  coraco- 
clavicular  ligaments  ;  on  its  outer  border  is  attached  the  coraco-acromial 
ligament,  at  its  extremity  the  coraco-brachialis  muscle  and  short  head  of 
the  biceps,  and  on  the  inner  edge  the  pectoralis  minor. 

The  borders  or  costce  of  the  scapula  are  three  in  number.     The  superior 
border  is  the  shortest  ;  it  extends  from  the  superior  angle  outwards  and  down- 
wards towards  the  coracoid  process,  at  the  base  of  which  it  presents  a  rounded 
suprascapular  notch  (incisiora  semilu7iaris),  which  is  converted  into  a  foramen 
by  a  ligament  or  occasionally  a  spiculum  of  bone,  and  is  traversed  by  the 
suprascapular  nerve,  and  sometimes  also  by  the  accompanying  vessels.  The 
external,  axillary,  or  inferior  border  presents  at  its  upper  part,  beneath  the 
glenoid  cavity,  a  rough  tuberculated  ridge,  above  an  inch  long,  to  which  the 
long  head  of  the  triceps  muscle  is  attached  :  a  little  below  this  there  is 
usually  a  slight  groove,  where  the  dorsal  branch  of  the  subscapular  artery 
passes  backwards  :  and  at  its  lower  extremity  the  border  is  thick,  and 
rounded  over  into  the  space  from  which  the  teres  major  muscle  arises.  The 
i7iternal,  vertebral,  or  posterior  border,  called  also  the  base,  is  the  longest  of 
the  three,  and  is  divisible  into  three  parts,  viz.,  a  short  one  opposite  the 
triangular  surface  of  origin  of  the  prominent  border  of  the  spine,  and  the 
portions  above  and  below  that  space,  both  of  which  incline  outwards  as  they 
recede  from  the  spine.     The  upper  part  gives  attachment  to  the  levator 
anguli  scapulee  muscle,  the  middle  one  to  the  rhomboideus  minor,  and  the 
lower  to  the  rhomboideus  major  muscle. 

Text/ure.  The  triangidar  part  of  the  scapula  is  in  great  part  thin  and 

translucent,  and  contains  little  cancellated  tissue.  The  neck,  the  coracoid 
and  acromion  processes,  the  prominent  border  of  the  spme,  and  the  part 
near  the  inferior  angle,  derive  their  greater  thickness  and  strength  from 
increased  thickness  of  the  compact  bony  substance  in  some  parts,  and 
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#  ..n„ffi^  tissue  in  othera.     A  vascular  foramen  usually  piercc.9  the 

":*cfo?th:  Tpin,,  a,,.,  othc.  a.,  to  be  found  on  the  antenor 
snrfaco  of  the  bone,  near  the  neck. 

THE  CLAVICLE. 

The  clavicle  or  collarbone  extends  transver-sely  outwards,  with  an  inclina- 
tion backwards,  from  the  summit  of  the  sternum  to  the  acromion  process  of 
the  scapula,  and  connects  the  upper  Umb  with  the  trunk. 

It  is  curved  somewhat  like  an  italic/:  the  f«^7«^^<^y         1  of 
curve  is  directed  forwards,  and  extends  over  two-thirds  of  the  len^h  of  the 
bone  ;  that  of  the  outer  curve  looks  backwards,  and  is  most  marked  near  the 
outer  fourth  of  the  bone. 

The  clavicle,  towards  its  scapular  end,  is  compressed  and  broad  from 
above  downwards,  but  in  the  extent  of  its  inner  curve  it  is  more  or  less 
prismatic  or  cylindrical.  In  its  description,  four  surfaces  of  the  shaft  may 
be  distinguished,  together  with  the  two  extremities. 

Fig.  68.— The  Eight  F'g-  ^8. 

Clavicle.  ^ 

A,  from  above ;  B,  from 
below. 

1,  sternal  end  ;  2,  acromial 
end  ;  2',  small  facet  for  arti- 
culation witb  the  acromion  ; 
3,  groove  on  the  lower  sur- 
face for  the  subclavius  mus- 
cle ;  4,  rough  elevation  at 
the  place  of  attachment  of 
the  coraco- clavicular  liga- 
ments ;  5,  rough  depression 
at  the  place  of  attachment 

of  the  costo-clavicular  or  rhomboid  ligament ;  6,  in  front,  the  mark  of  the  attachment  of 
the  pectoralis  major  ;  7,  that  of  the  deltoid  muscle. 

The  superior  surface  is  broadest  in  its  outer  part ;  it  is  principally  sub- 
cutaneous, but  near  the  inner  extremity  presents  a  slight  roughness,  marking 
the  clavicular  attachment  of  the  sterno-cleido-mastoid  muscle.  The  anterior 
surface  opposite  the  outer  curve  is  a  mere  rough  border,  from  which  the 
deltoid  muscle  takes  origin,  but  in  the  inner  half  of  its  extent  is  broadened 
out  into  an  imeven  space  more  or  less  distinctly  separated  from  the  inferior 
surface,  and  giving  attachment  to  the  pectoralis  major  muscle.  The  posterior 
surface  is  broadest  at  the  inner  extremity,  and  smooth  in  the  whole  extent  of 
the  internal  curvature  ;  but  towards  its  outer  extremity  it  forms  a  naiTow 
rough  border  which  separates  it  from  the  superior  surface,  and  gives 
attachment  to  the  trapezius  muscle.  On  the  inferior  surface  an  elongated 
roughness  near  the  scapular  extremity  marks  the  attachment  of  the  coraco- 
clavicular  ligaments  ;  extending  inwards  from  this,  over  the  middle  third  of 
the  bone,  is  a  groove  in  which  the  subclavius  muscle  is  inserted;  and  near 
the  sternal  end  is  a  smaller  rough  depression,  to  which  the  costo-clavicular 
ligament  is  attached. 

The  internal  extremity  is  the  thickest  part  of  the  clavicle.  It  presents  a 
somewhat  variably  concavo-convex  surface,  somewhat  triangular  in  form, 
with  its  most  prominent  angle  directed  downwards  and  backwards.  Tho 
compressed  external  extremity  is  convex  from  before  backwards,  and  articulates 
by  a  small  oval  surface  with  the  acromion. 
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Texture. — The  interior  of  the  clavicle  contains  cojirse  cancellated  tissue 
in  its  whole  extent.  It  almost  always  presents  a  foramen  for  a  meduUary 
artery  on  its  posterior  surface,  and  sometimes  others. 


THE  HUMERUS. 


i 

I* 


wk  'if 


The  humerus  or  arm  bone  extends  from  the  scapula  to  the  bones  of  the 
forearm,  with  each  of  which  it  is  articulated.  It  hangs  nearly  vertically 
from  the  shoulder,  with  an  inclination  inwards  towards  the  lower  end.  It 
is  divisible  into  a  superior  extremity,  including  the  head,  neck,  and  greater 

and  smaller  tuberosities  ;  the  shaft  ;  and  the  in- 
Fig.  69.  ferior  extremity,  including  the  external  and  internal 

supracondyloid  eminences,  and  the  inferior  articular 
surface.  In  general  form  it  is  subcylindrical  and 
slightly  twisted. 

The  superior  extremity  is  the  thickest  part  of 
the  bone.  The  head  is  a  large  hemispherical 
articular  elevation,  directed  inwai-ds,  upwards,  and 
somewhat  backwards.  The  necTc,  as  described  by 
anatomists,  is  the  ring  of  bone  which  supports  the 
head ;  inferiorly,  it  passes  into  the  shaft ;  superiorly, 
it  is  a  mere  groove  between  the  head  and  the  great 
tuberosity.  The  neclc,  as  often  described  by  sur- 
geons, is  the  part  of  the  shaft  immediately  below 
the  tuberosities.  The  great  tuberosity  is  a  thick 
projection,  continued  upwards  from  the  external 
part  of  the  shaft,  and  reaching  neai'ly  to  the  level 
of  the  upper  margin  of  the  head  ;  it  is  sur- 
mounted by  three  fiat  surfaces,  the  uppermost  of 
which  gives  attachment  to  the  supra-spinatus 
muscle,  the  lowest  to  the  teres  minor,  and  the 
intermediate  one  to  the  infra-spinatus  muscle. 
Separated  from  the  great  tuberosity  by  the  com- 
mencement of  the  bicipital  groove,  the  small 
tuberosity,  rounded  and  prominent,  looks  directly 
forwards  and  gives  attachment  to  the  subscapxdaris 
muscle. 


Fig.  69. — Right  Humertis  from  before.  ^ 
1,  tlie  articular  head ;  2,  lesset  tuberosity  ;  3,  greater 
tuberosity  ;  4,  neck  of  anatomists ;  5,  bicipital  groove  ;  6, 
inner  bicipital  ridge,  and  mark  of  the  attachment  of  the 
latissimus  dorsi  and  teres  major  muscles  ;  7,  outer  bicipital 
ridge,  and  rough  surface  of  insertion  of  the  pectoralis  major, 
running  down  into  7',  the  triangular  mark  of  the  insertion 
of  the  deltoid  ;  8,  spiral  groove  ;  9,  ini;er  ridge  of  the 
humerus;  10,  trochlear  articular  surface;  11,  capitellura, 
or  radial  condyle  ;  12,  epitrochlear  or  internal  supracondy- 
loid eminence ;  13,  capitellar  or  e.^cterual  supracondyloid 
eminence  ;  14,  coronoid  depression  or  fossa. 


The  shaft  or  hotly,  thick  and  cylindrical  supe- 
riorly, becomes  somewhat  thinner  as  it  descends,  and  in  the  lower  thii-d 
is  expanded  transversely  and  becomes  somewhat  three-sided  Superiorly  on 
its  anterior  aspect  is  the  bicipital  groove,  so  named  from  lodging  the  long 
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tendon  of  the  biceps  muscle  :  this  groove,  commencing  between  the 
tuberosities,  desceuds  with  an  iucliuation  inwards,  and  is  bounded  by  two 
roufh  rid"es,  the  external  and  most  prominent  of  which  gives  attachment 
to  the  peotoralis  major  muscle,  the  internal  or  posterior  to  the  latissimua 
dorsi  and  teres  major.  Towards  the  middle  of  the 
shaft,  on  the  inner  lateral  line,  is  a  rough  linear  mark  ^j.^ 
where  the  coraco-brachialis  muscle  is  inserted,  and 
lower  down  there  is  a  medullary  foramen  dii'ectod 
downwards  into  the  interior  of  the  bone.  On  the 
external  part  of  the  shaft,  neai-  its  middle,  in  a  line 
anteriorly  with  the  external  bicipital  ridge,  is  a  large, 
rough,  and  uneven  surface,  of  a  triangular  shape,  the 
impression  of  the  deltoid  muscle.  Below  this  the 
external  bicipital  ridge  is  continued  into  a  smooth 
elevation  which,  descending  on  the  front  of  the  shaft 
to  the  inferior  extremity,  separates  an  external  from 
an  internal  surface,  wliile  at  the  sides  two  sharp  edges, 
the  external  and  internal  supracondyloid  ridges  spring 
from  the  eminences  of  the  same  name  and  ascend 
for  some  distance,  separating  the  anterior  from  the 
flat  posterior  surface.  About  the  middle  of  the 
shaft  externally,  a  broad  depression,  the  musculospinal 
groove,  passes  downwards  and  forwards  in  a  spiral 
direction,  limited  above  by  the  deltoid  impression 
and  below  by  the  external  supracondyloid  ridge,  and 
lodges  the  musculo-spiral  nerve  and  the  accompanying 
artery. 


Fig.  70. — Right  Humerus  from  behind. 

1,3,  8,  &  10,  the  same  as  in  Fig.  69  ;  15,  is  placed  above  the 
olecranon  fossa. 


ii 


IS 


The  inferior  extremity  is  much  enlarged  laterally, 
flattened  from  before  backwards,  and  is  curved  slightly 
forwards.  Projecting  on  either  side  are  the  external 
and  internal  supracondyloid  eminences  (the  condyles  of 
most  authors,  epicondyle  and  epAtrochlea  of  Chaussier), 
the  internal  of  which  is  much  more  prominent  than 
the  external,  and  is  slightly  inclined  backwards.  The 
inferior  articular  surface,  fitting  by  peculiar  curved 
grooves  and  eminences  to  the  corresponding  surfaces 
of  the  radius  and  ulna,  is  divided  by  a  ridge  into  an 
external  and  an  internal  part.  The  external  part, 
articulated  with  the  radius,  consists  of  a  rounded  eminence  directed  forwards, 
called  the  capitellum,  and  a  groove  internal  to  it ;  it  does  not  extend  to  the 
posterior  surface.  The  internal  part,  the  trochlea,  articulates  with  the  ulna, 
and  extends  completely  round  from  the  anterior  to  the  posterior  surface  of 
the  bone  ;  it  is  grooved  down  the  middle  like  the  surface  of  a  pulley,  and  Ls 
somewhat  broader  behind  than  in  front ;  anteriorly,  its  margins  are  inclined 
downwards  and  inwards;  posteriorly,  upwards  and  outwards,  and  so  that  seen 
from  behiud,  it  lies  in  the  middle  part  of  the  bone.  Anteriorly,  the  internal 
margin  of  the  trochlea  is  the  most  prominent,  and  widens  below  into  a 
convexity  parallel  to  the  groove  ;  posteriorly,  the  external  margin  is  most 
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proinnicnt.  Atove  the  trochlea  posteriorly  is  a  large  and  deep  pit,  the 
olecranon  fossa,  which  receives  the  olecranon  process  of  the  ulna  in  extension 
of  the  forearm  ;  and  above  it  anteriorly,  separated  from  the  olecranon  fossa 
only  by  a  thin  lamina  of  bone,  is  the  mucli  smaller  coronoid  fossa  which 
receives  the  coronoid  process  in  flexion.  Above  the  capitellum  is  a  shallow 
depression,  into  which  the  head  of  the  radius  is  pressed  in  complete  flexion. 

^  Varieties.— U  is  not  uncommon  to  'find  a  small  hooklike  process,  with  its  point 
directed  downwards,  placed  in  front  of  the  internal  supracondyloid  ridge,  the 
suj)racondyloid  process.  From  its  extremity,  a  fibrous  band,  giving  origin  to  the 
pronator  radii  teres  muscle,  passes  to  the  internal  supracondyloid  eminence,  and 
through  the  arch  thus  formed  passes  the  median  nerve,  accompanied  frequently  by 
the  brachial  artery,  or  by  a  large  branch  rising  from  it.  This  process  represents  a 
portion  of  the  bone  completing  a  foramen  in  carnivorous  animals.  Much  has  been 
M'ritten  on  the  subject.  (Struthers'  Edin.  Med.  Journ.  1848.  Gruber,  "Canalis 
supracondyloideus  humeri,"  Mem.  de  I'Acad.  Imp.  de  St.  Petersburg,  1859,  p.  57. 
Hyrtl,  "  Topogr.  Anat."  v.  ii.  p.  283.)  The  thin  plate  between  the  olecranon  and 
coronoid  fossae  is  sometimes  perforated. 

THE  RADIUS.* 

The  radius  is  the  external  of  the  two  bones  of  the  forearm,  and  extends 
from  the  humerus  to  the  carpus.    Tt  is  thickest  at  its  lower  extremity. 

It  articulates  with  the  humerus,  the  ulna,  the  scaphoid,  and  the  semi- 
lunar bones. 

The  head,  or  superior  articular  extremity,  is  of  the  form  of  a  disc,  with  a 
smooth  vertical  margin.  It  presents  on  its  summit  a  depression,  which 
articulates  with  the  capitellum  of  the  humerus,  and  is  surrounded  by  a 
convex  part,  broadest  internally  where  it  glides  upon  the  groove  internal 
to  the  capitellum.  The  smooth,  short,  cylindrical  surface  of  the  vertical 
margin,  likewise  broadest  internally,  rolls  on  the  small  sigmoid  cavity  of  the 
ulna  and  within  the  orbicular  ligament.  The  head  is  supported  on  a  con- 
stricted portion  of  a  cylindrical  form,  named  the  ner^. 

The  shaft  or  body  is  slightly  curved,  with  the  convexity  directed  outwards 
and  backwards.  On  its  internal  aspect  superiorly,  where  it  is  continuous 
with  the  neck,  is  the  bicipital  tuberosity,  to  the  posterior  border  of 
which  is  attached  the  tendon  ol^  the  biceps  muscle.  Below  the  bicipital 
tuberosity  the  shaft  presents  three  sides,  the  external  of  which  is  rounded 
into  the  others  by  smooth  convex  margins,  while  the  anterior  and  posterior 
surfaces  are  separated  by  an  acute  internal  margin,  which  gives  attachment 
to  the  interosseous  ligament.  The  external  surface  is  convex  transversely  as 
well  as  longitudinally  ;  it  is  marked  near  the  middle  by  an  oval  rough  part, 
about  one  inch  and  a  half  long,  which  gives  insertion  to  the  pronator  radii 
teres.  The  anterior  surface  is  marked  in  its.  upper  part  by  a  shallow  longi- 
tudinal wroove  for  the  flexor  longus  pollicis  ;  inferiorly  it  is  expanded,  and 
presents  a  flat  impression  corresponding  with  the  pronator  quadratus  ;  and 
above  the  middle  is  the  foramen  for  the  medullary  vessels,  directed  upwards 
into  the  bone.  The  posterior  surface  presents  slight  oblique  impressions  of 
the  extensor  muscles  of  the  thumb. 

The  lower  extremity  of  the  radius,  broad  and  thick,  and  someAvhat  quadri- 
lateral, presents  inferiorly  a  large  surface,  which  articulates  with  the  carpus, 
and  internally  a  small  one,  which  articulates  with  the  ulna.     The  carptil 

♦  When  the  arm  is  at  rest  it  hangs  naturally  with  the  thumb  directed  forwards  and 
inwards,  as  in  partial  pronation;  but  in  anatomical  description  the  forearm  is  placed  as 
in  supination,  with  the  thumb  directed  outwai-ds  and  the  palm  of  the  hand  looking 
foi-warda. 
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articular  surface,  which  is  slightly  concave,  is  somewhat  five-sided  and  divided 
by  a  line  into  a  quadrilateral  internal  part,  which  articulates  with  the  semi- 
lunar bone,  and  a  triangular  external  part,  which  articulates  with  the 
scaphoid  bone.    The  uhiar  articular  surface  is  vertical,  and  forms  a  right 

Fig.  71.— JliOHT  Eadius  pbom  bepoke.  Pig.  71.  pig_ 

Fig.  72. — Eight  Eadics  prom  behind,    J  _  _^  _ 


1,  Lead,  showing  the  hollow  above  for  the  humerus, 
and  the  short  cylindrical  surface  surrounding  it  for 
the  ulnar  articulation  ;  2,  the  neck  ;  3,  the  tubercle  ; 
4,  is  opposite  to  the  oblique  line  ;  5,  internal  border 
or  interosseous  ridge  ;  the  shaded  part  near  5  marks 
llie  slight  hollow  in  which  the  flexor  longus  pollicis 
muscle  lies  ;  6,  carpal  articular  surface ;  7,  styloid 
process  ;  8,  the  articular  hollow  for  the  lower  end 
of  the  ulna ;  9,  impression  at  the  middle  of  the 
outer  border  of  the  attachment  of  the  pronator  radii 
teres;  10  and  11,  oblique  depressions  marking  the 
places  of  the  extensor  longus  digitorum  and  extensor 
ossis  metacarpi  pollicis  ;  between  7  and  8,  the  dorsal 
grooves  for  the  tendons  of  the  extensor  muscles. 

angle  with  the  inferior  surface  ;  it  is  concave 
from  before  backwards,  forming  a  semilunar 
cavity,  in  which  the  rounded  lower  end  of  the 
ulna  plays.  At  the  external  angle  of  the 
inferior  surface  a  part  projecting  downwards, 
called  the  styloid  process,  gives  attachment  to 
the  external  lateral  ligament  of  the  wrist 
joint,  while  the  anterior  and  posterior  margins 
are  likewise  rough  and  prominent  for  other  liga- 
ments. On  its  external  and  posterior  aspects 
the  inferior  extremity  of  the  radius  is  marked 
by  grooves,  which  transmit  the  extensor  ten- 
dons. Thus,  on  the  external  border,  is  a 
flat  groove  directed  downwards  and  forwards 
which  lodges  the  extensor  ossis  metacarpi  and 


extensor  primi  internodii  jjoUicis ;  and  on  the 
posterior  surface  are  three  grooves,  the  middle  one  of  which,  oblique  and 
narrow,  and  with  prominent  borders,  lodges  the  extensor  secundi  internodii 
pollicis;  while  of  the  two  others,  which  are  broad  and  shallower,  the 
external,  subdivided  by  a  slight  mark,  gives  passage  to  the  extensores  carpi 
radiales  longior  and  brevior,  and  the  internal  transmits  the  extensor  communis 
digitorum  and  extensor  indicis. 


THE  ITLNA, 

The  ulna  is  the  internal  of  the  two  bones  of  the  forearm.  It  is  longer 
than  the  radius  by  the  extent  of  the  olecranon  process.  It  is  largest  at 
its  upper  extremity,  and  is  curved  and  three-sided  elsewhere,  except  for  a 
short  distance  at  the  lower  end,  where  it  is  straight  and  cylindrical.  It  is 
inclined  downwards  and  outwards  from  the  humerus  in  such  a  direction 
that  a  straight  line  passing  from  the  gi-eat  tuberosity  of  the  humerus  down- 
wards through  the  capitellum  would  touch  the  lower  end  of  the  ulna. 

The  ulna  articulates  with  the  humerus  and  the  radius  :  in  tlic  natural 
skeleton  it  is  not  in  contact  with  the  carpal  bones,  being  separated  from 
the  cuneiform  bone  by  an  inter-articular  fibro-cartilage. 
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He  superior  extremity  of  the  ulna  presents  for  articulation  with  the 
humerus  a  large  articular  surface,  the  great  sigmoid  cavity,  which  looks 
forwards  and  is  bounded  in  its  posterior  and  upper  part  by  the  olecranon,  a 
thick  process  contiaued  upwards  from  the  shaft,  and  in  its  lower  part  by 
the  coronoid  process,  which  projects  forwards.  The  great  sigmoid  cavity  is 
concave  from  above  downwards,  with  its  inferior  wall  deeper  than  its  superior, 
and  is  convex  from  side  to  side,  being  traversed  by  a  vertical  ridge.  The 
part  external  to  this  ridge  is  broad  and  convex  above,  while  the  part  internal 
to  the  ridge  is  broad  and  concave  below  :  a  slight  constriction,  and  some- 
times a  notch  of  division,  occurs  across  the  middle  of  the  cavity.  Continuous 


Fig.  73. 


74. 


Fig.  73. — Right  Ulna  from  before. 
Fig.  74. — Eight  Ulna  FROM  behind  and  without.  ^ 
1,  point  or  beak  of  the  olecranon  ;  2,  tuberosity  of 
the  olecranon ;  3,  end  of  the  coronoid  process ;  4, 
greater  sigmoid  articular  surface,  4  points  to  the 
upper  division  of  this  surface;  5,  lesser  sigmoid 
cavity,  and  below  it  the  ridge  for  the  supinator  brevis 
muscle  ;  6,  external  border  or  interosseous  ridge  ;  7, 
lower  extremity  or  head ;  8,  styloid  process ;  9, 
rough  surface  of  insertion  of  the  brachialis  anticus 
muscle  on  the  front  of  the  coronoid  process ;  below 
10,  the  oblique  line  marking  the  attachment  of 
the  pronator  quadratus  muscle ;  11,  triangular  sur- 
face for  the  anconeous  muscle  ;  12,  upper  part  of  the 
posterior  border,  to  the  right  of  which  the  depres- 
sions for  the  long  extensor  muscles  of  the  fingers 
occupy  the  posterior  surface. 

with  the  great  is  the  small  sigmoid  cavity, 
a  small  articular  surface  on  the  outer  side 
of  the  base  of  the  coronoid  process,  slightly 
concave  from  before  backwards,  and  articula- 
ting with  the  cylindrical  part  of  the  head  of 
the  radius.  The  olecranon  forms  by  its 
anterior  surface  a  part  of  the  articular  sur- 
face of  the  great  sigmoid  cavity  ;  superiorly, 
broad  and  imeven,  it  gives  attachment  to 
the  triceps  extensor  muscle,  and  posteriorly  it 
presents  a  subcutaneous  surface  which  is 
continuous  Avith  the  posterior  margin  of  the 
shaft.  Between  its  anterior  and  superior 
surfaces  is  an  acute  projection  which  fits,  in 
extension  of  the  elbow,  into  the  olecranon  fossa 
of  the  humerus,  and  between  the  superior  and 
posterior  surface  is  a  rectangular  prominence 
wliich  forms  the  point  of  the  elbow.  The  coronoid  process  terminates  in  a 
sharp  ridge,  the  prominent  anterior  extremity  of  which  is  received  during 
flexion  into  the  coronoid  fossa  of  the  humerus  :  its  superior  surface  forms 
part  of  the  surface  of  the  great  sigmoid  cavity ;  the  inferior  surface  rises 
gradually  from  the  anterior  surface  of  the  bone,  and  is  covered  by  a  large 
triangular  roughness  which  gives  insertion  to  the  brachiaUs  anticus  muscle. 

The  body  or  shaft  in  the  upper  three-fourths  of  its  extent  is  thi-ee-sided, 
and  presents  a  slight  curve  with  the  convexity  backwards,  but 
I6wer  extremity  is  slender,  straight  and  cylindrical.    '^'^^  n^rform 


near  the 

The  anterior  surface 


is  grooved  in  the  upper  half,  where  the  flexor  profundus  muscle  takes  origin  ; 
and  at  its  lower  end  has  an  obUque  line  to  which  the  pronator  quadratus 
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is  attached.  Placed  near  tlie  upper  tliird  is  a  foramen  for  vessels,  directed 
upwards  into  tlio  medullary  cavity.  The  internal  surface  is  smooth, 
and  somewhat  excavated  superiorly  on  the  side  of  the  olecranon,  where 
it  gives  attachment  to  the  flexor  profundus  muscle,  while  inferiorly  it  is  sub- 
cutaneous. The  posterior  surface,  more  uneven,  looks  outwards  and  back- 
wards ;  an  oblique  ridge,  descending  from  behind  the  small  sigmoid  cavity, 
limits  a  superior  triangular  area,  which  extends  over  the  outer  side  of  the 
olecranon  and  gives  attachment  to  the  anconeus  muscle  ;  immediately  below 
the  small  sigmoid  cavity  is  a  short  space  looking  directly  outwards,  to  which 
the  supinator  brevis  is  attached  ;  whUe  the  remaining  and  largest  part  of  this 
surface  is  slightly  impressed  by  the  extensor  muscles.  Of  the  three  margins, 
the  anterior  and  posterior  are  rounded,  and  for  the  most  part  smooth  ;  the 
external  is  sharp,  and  gives  attachment  to  the  interosseous  ligament. 

The  inferior  extremity  presents  a  rounded  articular  head  ;  and  on  the 
internal  aspect  of  the  head  a  short  cylindrical  projection,  the  styloid  process, 
which  descends  in  a  line  with  the  inner  and  posterior  surface  of  the  shaft, 
and  gives  attachment  to  the  internal  lateral  ligament  of  the  wrist  joint.  The 
head  presents  two  aspects,  of  which  one,  flattened  and  circular  in  form,  looks 
towards  the  wrist  joint ;  whilst  the  other,  narrow  and  cylindrical,  looks  out- 
wards, and  is  received  into  the  semilunar  cavity  in  the  contiguous  border  of 
the  radius.  The  head  and  the  styloid  process  are  separated  posteriorly  by 
a  groove,  which  is  traversed  by  the  tendon  of  the  extensor  carpi  ulnaris  ; 
and  inferiorly  by  a  depression,  into  which  the  triangular  fibro-cartilage 
which  intervenes  between  the  ulna  and  the  carpus  is  inserted. 


THE  CAEPTJS, 

The  carpus  is  composed  of  eight  short  bones,  which  are  disposed  in  two 
ranges,  four  in  each  range.  Enumerated  from  the  radial  to  the  ulnar  side, 
the  bones  which  constitute  the  first  or  superior  range  are  named  scaphoid, 
semilunar,  cimeiform,  and  pisiform ;  those  of  the  second  or  inferior  range, 
trapezium,  trapezoid,  os  magnum,  and  unciform. 


Fig.  75.  —  HALP-DIAaRAMlTATIO  ViEW  OP  Fig.  75. 

THE  Carpus  and  Peoximai,  Paets  op  the 
Metacarpal  Bones,  feom  before,  with 
THE  Carpal  Bones  slightly  separated 

TO  SHOW  THE  FOEM  OP  THEIE  SUEFAOES 
OP  CONTACT  WITH  EACH  OTHER.  § 

1,  scaphoid  bone;  2,  semilunar,  pre- 
senting in  this  instance,  as  often  occurs,  a 
small  surface  of  articulation  with  the  unci- 
form bone  ;  3,  cuneiform  or  pyramidal ; 
4,  pisiform,  laid  upon  the  last ;  5,  trape- 
zium, the  figure  is  placed  upon  the  ridge, 
to  the  inside  of  which  is  the  groove  for  the 
tendon  of  flexor  carpi  radialis ;  6,  trape- 
zoid bone ;  7,  os  magnum,  the  figure  is 
placed  on  the  tuberosity  ;  8,  unciform  bone, 
the  figure  is  placed  on  the  unciform  process.  The  metacarpal  bones  will  be  distinguished 
by  the  first  being  articulated  separately  with  the  trapenium.  The  articulation  of  the  os 
magnum  with  the  fourth  metacarpal  bone  is  represented  somewhat  too  large. 

^  The  dorsal  surface  of  the  carpus  is  convex,  the  palmar  is  concave  from 
side  to  side,  the  concavity  being  bounded  by  four  prominences,  one  at  tho 
outer  and  one  at  the  inner  extremity  of  each  range.    The  anterior  annular. 

Q  2 
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ligament  is  stretched  across  the  caqms  between  these  prominences,  so  as  to 
form  a  canal  for  the  transmission  of  the  flexor  tendons. 

The  superior  surfaces  of  the  scaphoid,  semilunar  and  cuneiform  bones 
form,  when  in  apposition,  a  continuous  convexity  which  corresponds  with 
the  concavity  presented  by  the  radius  and  the  interarticular  cartilage,  while 
the  pisiform  bone  is  attached  in  front  of  the  cuneiform,  with  which  alone  it 
arbiculates.  The  line  of  articulation  between  the  superior  and  inferior  ranges 
is  concavo-convex  from  side  to  side,  the  trapezium,  trapezoid  and  os  magnum 
bounding  a  cavity  which  lodges  the  external  part  of  tlie  scaphoid,  and  the 
OS  magnum  and  unciform  rising  up  in  a  convexity,  which  is  received  into  a 
hoUow  formed  by  the  scaphoid,  semilunar,  and  cuneiform  bones. 


THE  SCAPHOID  BONE, 

The  scaphoid,  or  navicular  bone,  the  largest  and  most  external  of  the 
first  row  of  carpal  bones,  is  of  a  curved  form,  and  lies  with  its  longest  axis 
directed  outwards  and  downwards.  Its  superior  surface,  convex  and  smooth 
for  articulation  with  the  radius,  is  inclined  backwards,  so  that  the  posterior 
surface  of  the  bone  is  not  so  deep  as  the  anterior.  The  internal  surface, 
narrow  from  above  downwards,  articulates  with  the  semilunar  bone.  The 
outer  extremity,  rough  superiorly  for  the  attachment  of  ligaments,  presents 
inferiorly  an  articular  convexity,  which  occupies  the  hollow  formed  by  the 
upper  surfaces  of  the  trapezium  and  trapezoid  bones,  and  is  continuous 
with  a  large  concave  surface  extending  over  the  rest  of  the  inferior  aspect 
of  the  bone,  and  articulating  with  the  os  magnum.  The  fore  part  of  the 
outer  extremity  of  the  scaphoid  bone  projects  forwards,  forming  one  of  the 
tubercles  to  which  the  anterior  annular  ligament  is  attached.  The  scaphoid 
articulates  with  five  bones,  viz. ,  the  radius,  the  senulvmar,  trapezium, 
trapezoid,  and  os  magnum. 


THE  SEMILUNAR  BONE. 

The  semilunar,  or  lunate  bone,  irregularly  cubic,  is  named  from  the 
crescentic  concavity  from  before  backwards  of  its  inferior  surface,  which 
rests  on  the  head  of  the  os  magnum,  and  frequently  also  by  a  bevelled  edge 
slightly  on  the  unciform  bone.  Its  external  surface  is  vertical,  and  articu- 
lates with  the  scaphoid  bone  ;  its  internal  surface  looks  downwards  and 
inwards,  is  much  deeper  and  narrower  than  the  external,  and  articulates 
with  the  cuneiform.  The  convex  superior  surface,  which  articulates  with 
the  radius,  is  inclined,  like  that  of  the  scaphoid,  more  backwards  than 
forwards,  and  hence  the  anterior  surface  is  deeper  than  the  posterior.  The 
semilunar  articulates  with  five  bones,  viz.,  the  radius,  scaphoid,  cuneiform, 
OS  magnum,  and  unciform. 


THE  CTHSrEIFORM  BONE. 

The  cuneiform  or  pyramidal  bone,  is  somewhat  wedge-shaped,  its  internal 
extremity,  rough  for  ligaments,  forming  the  blunt  narrow  end  of  the  wedge. 
Superiorly  it  presents  an  articular  surface,  which  glides  upon  the  triangular 
cartilage  interposed  between  it  and  the  ulna  ;  externally  it  articulates  with 
the  semilunar  bone,  and  inferiorly  with  the  unciform,  by  means  of  a  surface 
which  is  concavo-convex  from  without  inwards.  Its  anterior  surface  is  dis- 
tinguished from  the  posterior  by  a  smooth  circular  facet  on  its  outer  half, 
which  articulates  with  the  pisiform  bono.  The  cuneiform  articulates  with 
three  bones,  viz.,  the  semilunar,  pisiform,  and  unciform. 
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THE  PISIFOEM  BONE. 

The  pisiform  bone,  or  os  roiundum,  so  called  from  its  resemblance  to  a 
pea  lies  on  a  plane  anterior  to  tlie  other  bones  of  the  carpus.  Posteriorly 
it  possesses  an  articular  surface,  which  rests  on  the  cuneiform  bone.  The 
mass  of  the  bone  is  so  inclined  from  this  surface  downwards  and  outwards, 
that  the  pisiform  bone  of  one  hand  is  distinguishable  from  that  of  the  other. 

Fig.  76.— DoKSAL  View  of  the  Carpus,  avitii  a  pjg_  76. 

PORTION  OP  EACH  OF  TUB  METACARPAL  BONES.  -j 

],  scaphoid;  2,  semilunar;  3,  cuneiform;  -J, 
pisiform  ;  5,  trapezium ;  7,  trapezoid  ;  8,  os  mag- 
num ;  9,  unciform. 

THE  TRAPEZIUM. 

The  trapezium,  or  os  rmdtangulum  majus, 
is  the  most  external  of  the  second  row  of 
carpal  bones.  It  presents  a  rhombic  form 
when  seen  from  its  dorsal  or  palmar  aspect, 
and  has  its  most  prominent  angle  directed 
downwards.  Its  anterior  surface  is  marked 
by  a  vertical  groove  traversed  by  the  tendon 

of  the  flexor  carpi  radialis  muscle,  and  external  to  the  groove  by  a  ridge, 
or  tubercle,  one  of  the  four  prominences  which  give  attachment  to  the 
anterior  annular  ligament.  Of  the  internal  sides  of  the  rhomb,  the 
superior  articulates  with  the  scaphoid  bone,  the  inferior  with  the  trapezoid 
bone,  and  by  a  small  facet  close  to  the  inferior  angle  also  with  the  second 
metacarpal  bone.  Of  the  external  sides  the  superior  is  rough,  and  the 
inferior  presents  a  smooth  surface  convex  from  behind  forwards,  and  concave 
from  without  inwards,  which  articulates  with  the  metacarpal  bone  of  the 
thumb,  and  is  separated  by  a  rough  line  at  the  inferior  angle  from  the  surface 
for  the  second  metacarpal  bone.  The  trapezium  articulates  with  four  bones, 
viz.,  the  scaphoid,  trapezoid,  and  first  and  second  metacarpals. 

THE  TKAPEZOID  BONE. 

The  trapezoid  bone,  or  os  multangulum  minus,  is  considerably  smaller 
than  the  trapezium.  Its  longest  diameter  is  from  before  backwards.  Its 
posterior  surface,  which  is  pentagonal,  is  much  larger  than  the  anterior. 
The  external  inferior  angle  of  the  anterior  surface  is  distinguished  by  being 
prolonged  a  little  backwards  between  the  trapezium  and  second  metacarpal 
bone.  The  superior  surface  articulates  with  the  scaphoid  bone  ;  the 
external  with  the  trapezium  ;  the  internal  with  the  os  magnum ;  and  the 
inferior  by  a  large  surface  convex  from  side  to  side  with  the  second  meta- 
carpal bone.  The  trapezoid  articulates  with  four  bones,  viz.,  the  scaphoid, 
trapezium,  os  magnum,  and  second  metacarpal  bono. 

THE  OS  MAGNUM. 

The  OS  magnum,  or  os  capitatum,  is  the  largest  of  the  carpal  bones.  In 
form  it  is  elongated  vertically,  rectangular  inferiorly,  rounded  superiorly. 
The  articular  surface  of  the  superior  extremity  or  head  is  prolonged  on  the 
outer,  but  not  on  the  inner  side,  and  is  continued  further  down  behind 
than  in  front.  A  ?icc/;  is  formed  beneath  by  depressions  on  the  anterior 
and  posterior  surfaces.  The  anterior  surface  of  the  bono  is  much  narrower 
than  the  posterior.     The  posterior  suifuco  projects  downwards  at  its 
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internal  inferior  angle.  On  tlie  external  side  beneath  the  surface  for  the 
scaphoid  is  a  short  surface  for  the  trapezoid  bone  ;  and  on  the  internal 
surface  is  a  vertically  elongated  surface  which  articulates  with  the  unciform 
bone.  ^  Infcriorly  this  bone  articulates  by  three  distinct  surfaces,  of  which 
the  middle  is  much  the  largest,  with  the  second,  third,  and  fourth  metacarpal 
bones.  The  os  magnum  articulates  with  seven  bones,  viz.,  the  scaphoid, 
semilunarj  trapezoid,  unciform,  and  second,  third,  and  fourth  metacarpal  bones. 

THE  ■UNCIFORM  BONE, 

The  unciform  bone  is  readily  distinguished  by  the  large  process  projecting 
forwards  and  curved  slightly  outwards  on  its  anterior  surface.  Seen  from 
the  front  or  behind,  it  has  a  triangular  form.  Its  external  surface  is  ver- 
tical, and  articulates  with  the  os  magnum  ;  its  inferior  surface  is  divided 
nto  two  facets  which  articulate  with  the  fourth  and  fifth  metacarpal  bones  ; 
its  superior  surface,  meeting  the  cuneiform,  is  concavo-convex,  inclines 
upwards  and  outwards  towards  the  head  of  the  os  magnum,  and  is  separated 
internally  by  a  rough  border  from  the  inferior  surface.  The  unciform 
articulates  with  five  bones,  viz.,  the  os  magnum,  semilunar,  cuneiform,  and 
fourth  and  fifth  metacarpal  bones. 

THE  METACARPUS. 

The  metacarpus,  the  part  of  the  hand  which  supports  the  fingers,  consists 
of  five  shafted  bones,  which  are  numbered  from  without  inwards.  These 
bones  are  placed  in  a  slightly  arched  plane,  and  are  nearly  parallel  one  with 
the  other,  with  the  exception  of  the  first,  which  diverges  from  the  second. 

Fig.  77. — The  "Riqui  Hand  from  befoke.  ^ 
s,  scaphoid  bone  ;  I,  semilunai' ;  c,  cuneiform  ; 
p,  pisiform  ;  t,  trapezium ;  next  it  the  trape- 
zoid, not  lettered  ;  next  the  os  magnum,  also  not 
lettered  ;  u,  unciform. 

I  to  V,  the  metacarpal  bones ;  1,  3,  first  and 
second  phalanges  of  the  thumb  ;  1,  2,  3,  the 
first,  second,  and  third  phalanges  of  the  little 
finger,  and  siihilarly  for  the  other  three  fingers, 
not  marked  ;  *,  one  of  the  sesamoid  bones  of  the 
thumb  seen  sidewise. 

The  metacarpal  bones  are  slightly 
curved,  so  as  to  present  a  concavity 
directed  forwards.  They  are  terminated 
at  their  carpal  extremities  by  expanded 
portions  of  different  forms,  and  at  the 
digital  ends  by  large  rounded  heads. 
The  first  metacarpal  bone  is  thicker  and 
shorter  than  the  others.  The  remaining 
four  decrease  regularly  in  length,  accord- 
ing to  their  position  from  without  in- 
wards, and  the  second  and  third  are 
thicker  than  the  fom-th  and  fifth. 
The  shaft  of  the  first  metacarpal  bone  is  somewhat  compressed  from 
before  backwards,  flat  behind,  and  transversely  convex  in  front.  The 
shafts  of  the  others  are  prismatic,  presenting  a  broad  surface  towai-ds 
the  back  of  the  hand,  and  towards  the  palm  a  rounded  margin  between 
the  two  lateral  surfaces.  They  are  most  slender  immediately  beyond  the 
carpal  extremity,  and  become  gradually  thicker  towai'da  the  head.  They 
present  on  their  dorsal  surfaces  each  a  triangular  subcutaneous  area,  bounded 
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by  lines  which,  proceeding  from  the  sides  of  the  head,  pass  upwards  and  coor, 
verge  iu  the  second,  third,  and  foui-th  metacarpal  bones  opposite  the  middle 
of  the  carpal  extremity,  and  in  the  fifth  towards  its  inner  side. 

The  heads  or  digital  extremities  articulate  with  the  proximal  phalanges. 
Their  smooth  rounded  surfaces  are  broader,  and  extend  further  on  the 
palmar  than  on  the  dorsal  aspect  of  the  bones;  and  on  the  sides  present 
hollows  and  elevations  for  the  attachment  of  ligaments. 

The  carpal  extremity  presents  distinctive  peculiarities  in  each  metacarpal 
bone.  That  of  the  first  has  only  one  articular  surface,  concave  from 
before  backwards,  and  convex  from  side  to  side,  which  articulates  with  the 
trapezium  ;  and  posteriorly  a  rough  prominence,  to  which  the  extensor 
motacarpi  pollicis  is  attached.  The  second  presents  a  transversely  concave 
surface  which  receives  the  trapezoid  bone  ;  on  the  radial  side  it  articulates 
by  a  small  facet  on  its  posterior  part  with  the  trapezium,  on  the  ulnar  side 
with  the  third  metacai-pal  bone,  and  by  a  narrow  facet  wedged  between  the 
third  metacarpal  and  trapezoid  bones,  with  the  os  magnum.  .  The  third 
bone  articulates  superiorly  with  the  os  magnum,  and  on  the  sides  with  the 
contiguous  metacarpal  bones  :  at  its  posterior  and  outer  angle  it  forms  a 
projection  upwards.  The  fourth  articulates  principally  with  the  unciform 
bone  above,  but  also  by  a  narrow  facet  with  the  os  magnum  ;  on  its  radial 
side  are  two  smaU  surfaces,  and  on  the  ulnar  side  one,  for  articulation  with 
the  adjacent  metacarpal  bones.  The  fifth  articulates  superiorly  with  the 
imciform  bone  by  means  of  a  concave  surface  inclined  slightly  outwards,  and 
externally  with  the  fourth  metacarpal  bone,  while  on  its  ulnar  side  it 
presents  a  rough  and  prominent  tuberosity. 

From  the  proximal  position  of  its  epiphysis,  the  metacarpal  bone  of  the  thumb 
has  been  considered  by  Winslow  and  some  other  anatomists,  as  a  phalanx  of  the  first 
row,  and  the  bone  which  it  supports  a  phalanx  of  the  middle  row. 
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Fig.  78. — Eight  Hand  seen  fkom  behind.  ^ 

The  indications  are  the  same  as  in  the  pre' 
ceding  figure. 


Fig.  78. 


The  digital  phalanges,  or  internodia, 
are  fourteen  in  number  ;  three  for  each 
finger,  except  the  thumb,  which  has 
only  two.  In  each  instance  the  first  or 
proximal  phalanx  is  longer  than  the 
second,  and  the  second  longer  than  the 
third. 

Those  of  the  Jkst  row  are  slightly 
curved  like  the  metacarpal  bones. 
Their  dorsal  surfaces  are  smooth  and 
transversely  convex ;  the  palmar  are 
flat  from  side  to  side,  and  bounded  by 
rough  margins,  which  give  insertion  to 
the  fibrous  sheaths  of  the  flexor  ten- 
dons. Their  proximal  extremities  are 
thick,  and  articulate  each  by  a  trans- 
versely oval  concave  surface  with  the 

corresponding  metacarpal  bono.    Their  distal  extremities,  smaller  and 
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compressed  antero-posteriorly,  are  each  divided  by  a  sliallow  groove  into  two 
condyles. 

Those  of  the  middle  roio  are  four  in  number.  Smaller  than  those  of  the 
preceding  set,  they  resemble  them  in  form,  with  this  diflference,  that  their 
Ijroximal  extremities  present  on  the  articular  surface  a  slight  middle  elevation 
and  two  lateral  depressions,  adapted  to  articulate  with  the  condyles  of  the  first 
phalanges. 

The  terminal  or  ungual  phalanges,  five  in  number,  have  proximal  extremi- 
ties similar  to  those  of  the  middle  row,  but  with  a  rough  depression  in  front, 
where  the  flexor  tendons  are  inserted.  They  taper  towards  their  somewhat 
flattened  and  expanded  free  extremities,  which  are  rough  and  raised  round 
the  margins  and  upon  the  palmar  aspect  in  the  ungual  process. 

Sesamoid  bones.  — A  pair  of  sesamoid  bones  is  placed  in  the  palmar  wall 
of  the  metacarpo-phalangeal  articulation  of  the  thumb  ;  and  similar  nodules, 
single  or  double,  are  sometimes  found  in  the  corresponding  joint  of  one  or 
more  of  the  other  fingers,  most  frequently  of  the  index  and  little  fingers. 


DEVELOPMENT  OF  THE  UPPER  LIMB. 

EiRST  APPEARANCE  OF  THE  LIMBS. — The  earliest  traces  of  limbs  in  the  human 
embryo  are  observed  in  the  fourth  or  fifth  week  as  elevations  of  the  ventral  plates 
on  the  sides  of  the  body,  tipped  with  a  thickening  of  the  cuticle.  In  the  fifth 
or  sixth  week  there  is  distinguishable  in  each  a  laterally  compressed  expansion,  the 
rudimentary  hand  or  foot,  and  a  more  cylindrical  pedicle,  the  arm  or  leg.  About 
the  eighth  week  the  division  into  fingers  and]  toes  takes  place,  the  pollex  of  each 


1  year.  15  or  16  years.         17  or  18  years. 


22  years. 


Fig.  79. — Ossification  op  the  Scapula. 

A,  the  scapula  from  a  child  of  about  one  year  old.  1,  shows  the  large  spreading  ossifi- 
cation from  the  primary  centre.    2,  the  commencing  nucleus  m  the  coracoid  process. 

B  theTcapulffrom  a  boy  of  about  fifteen  or  sixteen  years.  The  coracoid  process, 
(rep^esenteri  too  much  separate  in  the  figure),  is  now  partially  umted  at  its  base  ;  a 
nucleus  3  has  appeared  in  the  acromion,  and  another,  4,  at  the  lower  angle. 

C  shows  the  condition  of  the  scapula  at  seventeen  or  eighteen  years  of  age  a  second 
poinCsrharaPpeared  in  the  acromion,  and  ossification  has  advanced  into  the  ndge  of 

the  base,  6.  twenty-two  years  of  age;  the  acromion  and  the 

ridg;  of  the  base  are  sliU  separate.  A  thin  scale  on  the  comcoid  process  and  an  epiphysis 
of  the  glenoid  head,  which  sometimes  occur,  have  been  omitted. 
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limb  being  developed  on  the  superior  margin.  The  upper  limb  appears  before  the 
lower,  and  sooner  exhibits  a  separation  of  digits.  The  division  into  arm  and  forearm, 
thigii  and  leg,  is  observable  about  the  eighth  week  (Kolliker,  loc.  cit.).  The  nerves 
are  seen  extending  directly  into  the  limbs  soon  after  their  first  appearance ;  but  it  is 
not  determined  whether  the  bones  and  muscles  are  derived  from  extensions  of  the 
dorsal  plates,  or  have  an  independent  origin  in  the  ventral  plates. 

Ossification  of  the  uppkb  limb. — AVith  the  exception  of  the  clavicle,  all  the  bones 
of  the  upper  limb  begin  to  ossify  from  cartilage.  The  Sccqmla  is  developed  in  the 
greater  part  of  its  extent  from  a  single  osseous  nucleus,  but  possesses  also  supplementary 
nuclei  in  the  coracoid  process  and  acromion,  and  along  the  base.  The  nucleus  of  the 
coracoid  process  is  especially  worthy  of  attention,  both  because  it  appears  in  the  first 
year,  while  the  other  supplementary  nuclei  are  formed  only  after  puberty,  and  because, 
although  reduced  to  a  mere  epiphysis  in  mammals,  it  forms  a  distinct  and  sometimes 
large  bone  in  other  vertebrate  animals.  The  acromion  is  ossified  from  two  or  more 
nuclei.  Along  the  base  of  the  young  scapula  a  strip  of  cartilage  extends,  corre- 
sponding with  a  much  more  largely  developed  permanent  cartilage  found  in  many 
animals ;  and  in  this  there  first  appears  a  nucleus  of  bone  at  the  inferior  angle,  then 
a  prolonged  ossification  throughout  its  length.  Occasionally  a  separate  epiphysial 
lamina  occurs,  in  the  border  of  the  glenoid  cavity. 

Fig.  SO. — OsSIflOATION  OF  THE  Claviole.  Fig.  80, 

a,  the  clavicle  of  a  fcctus  at  birth,  osseous  in 
the  shaft,  1,  and  cartilaginous  at  both  ends. 

b,  clavicle  of  a  man  of  about  twenty-three 
years  of  age  ;  the  shaft,  1,  fully  ossified  to  the 
acromial  end  ;  the  sternal  epiphysis,  2,  is  repre- 
sented rather  thicker  than  natural. 

The  Clavicle  begins  to  ossify  before  any  other  bone  in  the  body.  Its  ossification 
commences  before  the  deposition  of  cartilage  in  connection  with  it,  but  afterwards 
progresses  in  cartilage  as  well  as  in  fibrous  substance.  It  is  formed  from  one  prin- 
cipal piece,  and  has  a  thin  epiphysis  at  its  sternal  end. 

Fig.  81. 


Fig.  81.  — Ossification  op  the  Humerus. 

A,  humerus  of  a  full-grown  foetus  ;  B,  humerus  at  two  years  of  age ;  C,  in  the  third 
year ;  D,  at  the  beginning  of  the  fifth  year  ;  E,  at  about  the  twelfth  year  :  F,  at  the 
age  of  puberty.  ' 

1,  the  primary  piece  for  the  shaft ;  2,  nucleus  for  the  articular  head  ;  3,  that  for  the 
tuberosity  ;  4,  for  the  radial  condyle  and  adjacent  part  of  the  trochlea  ;  5,  for  the  inner 
or  trochlear  eminence;  C,  fur  the  inner  part  of  the  trochlea;  7,  for  the  external  or 
capitellar  emmcuce. 
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The  Humerus  is  formed,  like  most  of  the  long  bones,  from  a  principal  centre  for  the 
shaft,  and  from  a  superior  and  an  inferior  terminal  epiphysis.  The  superior  epiphysis 
is  formed  by  the  union  of  two  original  nuclei— one  in  the  head,  the  other  in  the  great 
tuberosity,  to  which  is  added,  according  to  Bcclard  and  Humphry,  a  nucleus 
belonging  to  the  small  tuberosity.  The  inferior  epiphysis  has  four  original  nuclei, 
the  largest  of  which  extends  inwards  from  the  capitellum,  while  a  small  one 
appears  at  the  inner  part  of  the  trochlea,  and  one  in  each  supracondyloid  eminence  ; 
the  internal  supracondyloid  epiphysis  remains  distinct  from  the  other  three  nuclei, 
which  become  fused  into  one  mass  previous  to  their  union  with  the  shaft. 

The  Radius  and  Ulna  arc  each  developed  from  an  osseous  centre  in  the  middle  oi 
the  shaft  and  from  an  epiphysial  nucleus  in  each  extremity.  The  epiphyses  of  the 
ulna  are  very  small ;  the  upper  one  involves  only  the  extremity  of  the  olecranon. 

The  Carpus  is  entirely  cartilaginous  at  birth.  Each  Carpal  hone  is  ossified  from  a 
single  nucleus. 

The  Metacarpal  hones  and  Phalanges  are  formed  each  from  a  principal  piece  and 
one  epiphysis.  The  ossification  of  the  principal  pieces  begins  at  an  early  period. 
In  the  four  inner  metacarpal  bones  the  epiphysis  is  at  the  distal  extremity,  while 
in  the  metacarpal  bone  of  the  thumb  and  in  the  phalanges  it  is  placed  at  the 
proximal  extremity. 
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I.  Scapula. 

The  principal  nucleus  appears  in  the  7th  or  8th  week. 

The  nucleus  of  the  coracoid  process  appears  in  the  1st  or  2nd  year. 

The  two  nuclei  of  the  acromion  appear  from  the  14th  to  the  16th  year. 

The  nuclei  of  the  inferior  angle,  base,  and  glenoid  cavity,  appear  from  the  IGth 

to  the  18th  year. 
The  coracoid  process  and  body  unite  about  the  time  of  puberty. 
The  other  parts  unite  from  the  22nd  to  the  25th  year. 

II.  Clavicle. 

The  principal  nucleus  (earliest  of  all  bones)  appears  about  the  6th  week. 
The  epiphysis  of  the  sternal  end  appears  from  the  18th  to  the  20th  year. 
The  epiphysis  and  shaft  unite  about  the  25th  year. 

III.  Humerus. 

The  nucleus  of  the  shaft  appears  in  the  7th  week. 

The  nucleus  of  the  head  appears  in  the  2nd  year. 

The  nucleus  of  the  great  tuberosity  appears  in  the  3rd  year. 

The  nucleus  of  the  small  tuberosity  (when  separate)  appears  in  the  5th  year. 

The  nucleus  of  the  capitellum  appears  in  the  3rd  year. 

The  nucleus  of  the  internal  supracondyloid  eminence  appears  in  the  5th  year. 

The  nucleus  of  the  trochlea  appears  in  the  11th  or  12th  year. 

The  nucleus  of  the  external  supracondyloid  eminence  appears  m  the  13th  or 

14:th  year.  .    .  m. 

The  nucleus  of  the  tuberosity  and  head  unite  in  the  5th  year. 
The  capitellar,  trochlear,  and  external  supracondyloid  nuclei  umte  with  the  shaft 

in  the  16th  or  17th  year.  ,      .   xi  loi.!. 

The  internal  supracondyloid  nucleus  unites  with  the  shaft  in  the  18th  year. 
The  superior  epiphysis  and  shaft  unite  in  the  20th  year. 

IV.  Radius.  .  , 
The  nucleus  of  the  shaft  appears  in  the  7th  or  8th  week. 

The  nucleus  of  the  carpal  extremity  appears  at  the  end  of  the  2nd  year. 
The  nucleus  of  the  head  appears  in  the  6th  year. 
The  superior  epiphysis  and  shaft  unite  about  the  I7th  or  18th  year. 
The  inferior  epiphysis  and  shaft  unite  about  the  20th  year. 

V.  Ulna.  .    .  , 
The  nucleus  of  the  shaft  appears  in  the  8th  week. 
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Fig.  82. 

c  X) 


Fig.  82. — OSSIPIOATION  OF  THE  RADIUS. 

A,  the  radius  of  a  full-grown  foetus ;  B,  the  radius  at  about  two  years  of  age  ;  C,  at 
five  years  ;  D,  at  about  eighteen  years. 

1,  the  primary  piece  or  shaft;  2,  the  ossific  point  of  the  lower  or  carpal  epiphysis  ; 
3,  that  of  the  upper  end.  In  D,  the  upper  epiphysis  is  already  united  to  the  shaft, 
while  the  lower  epiphysis  is  still  separate. 


Fig.  83. 


Fig.  83.— Ossification  of  the  Ulna. 
A,  the  ulna  of  a  child  at  birth ;  B,  the  ulna  of  a  child  at  the  end  of  the  fourth  year  • 
C,  of  a  boy  of  about  twelve  years  of  age  ;  D,  the  ulna  of  a  male  of  about  nineteen  or 
twenty  years. 

1,  the  primary  piece  of  the  shaft ;  2,  the  nucleus  of  the  lower  epiphysis ;  3  the 
nucleus  of  the  upper  epiphysis.  In  D,  the  upper  epiphysis  is  united  to  the  shaft,  while 
the  lower  one  13  still  separate.  i.  r  j  v  wuut 


Fig.  84. — Ossification  op  the  Bones  of  the  Hand. 

A,  represents  the  state  of  the  bones  and  cartilages  at  the  period  of  birth.  The  carpus 
is  entirely  cartilaginous.  Each  of  the  metacarpal  bones  and  digital  phalanges  has  its 
primary  centre  of  ossification. 

B,  the  state  of  the  bones  in  a  child  at  the  end  of  the  first  year ;  the  os  magnum 
and  unciform  bone  have  begun  to  ossify. 

C,  the  condition  about  the  third  year.  Additional  centres  of  ossification  are  seen  in 
the  cuneiform  and  in  the  proximal  epiphysis  of  the  first  and  the  distal  epiphyses  of  the 
other  four  metacarpal  bones,  and  in  the  proximal  epiphyses  of  the  first  row  of  phalanges. 

D,  the  condition  at  the  fifth  year.  Additional  centres  have  been  formed,  first  in  the 
trapezium,  and  later  in  the  semilunar  bone,  and  in  the  middle  and  distal  phalanges  :  (the 
figm-e  does  not  show  them  distinctly  in  the  middle  phalanges). 

E,  the  condition  at  about  the  ninth  year.  Additional  centres  have  been  formed  in  the 
scaphoid  and  trapezoid  bones,  and  the  more  developed  epiphyses  of  the  metacarpal  bones 
and  phalanges  are  shown,  in  the  first  and  second  separately. 

1,  OS  magnum  ;  2,  unciform  ;  3,  cuneiform  ;  4,  semilunar;  5,  trapezium  ;  6,  scaphoid  ; 
7,  trapezoid  ;  8,  metacarpal  bones,  the  principal  piece ;  8*  four  metacarpal  epiphyses  ; 
8',  that  of  the  thumb  ;  9,  the  first  range  of  phalanges ;  9*,  their  epiphyses  ;  9',  that  of 
the  thumb  ;  1 0,  second  range  of  phalanges  ;  10',  epiphysis  of  terminal  phalanx  of  thiunb  ; 
11,  terminal  range  of  phalanges  of  the  fingers ;  11*,  their  epiphyses. 
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Ve^e'llphysis  of  the  cai-pal  extremity  appears  in  the  4th  or  6th  year. 
The  epiphysis  of  the  olecranon  appears  in  the  10th  year. 
The  superior  epiphysis  and  shaft  unite  about  the  1  r  lh  year. 
The  inferior  epiphysis  and  shaft  unite  about  the  20th  year. 

VI.  Carpus.  i 

The  nucleus  of  the  os  magnum  appears  m  the  1st  year. 

Tlie  nucleus  of  the  unciform  bone  appears  in  the  1st  or  2nd  year. 

The  nucleus  of  the  cuneiform  bone  appears  in  the  3rd  year. 

The  nuclei  of  the  trapezium  and  semilunar  bones  appear  in  the  5th  year. 

The  nucleus  of  the  scaphoid  bone  appears  in  the  8th  year. 

The  nucleus  of  the  trapezoid  bone  appears  in  the  8th  or  9th  year. 

The  nucleus  of  the  pisiform  bone  appears  in  the  12th  year. 

VII.  Metacarpus. 

The  nuclei  of  the  shafts  appear  in  the  8th  and  9th  week. 

The  nuclei  of  the  epiphyses  appear  from  the  3rd  to  the  5th  year. 

The  epiphyses  and  shafts  unite  about  the  20th  year. 

VIII.  Phalanges. 

The  nuclei  of  the  shafts  appear  in  the  8th,  9th,  and  10th  weeks. 

The  nuclei  of  the  epiphyses  appear  from  the  3rd  or  4th  to  the  5th  or  6tli  years. 

The  epiphyses  and  shafts  unite  before  the  20th  year. 
Note.  From  what  is  stated  above  it  appears  that  in  the  bones  of  the  arm  and 
forearm  the  epiphyses  which  meet  at  the  elbow-joint  begin  to  ossify  later  and^  unite 
with  their  shafts  earlier  than  those  at  the  opposite  ends  of  the  bones,  while  in  the 
bones  of  the  thigh  and  leg  the  epiphyses  distant  from  the  knee-joint  are  the  latest 
to  ossify  (excepting  the  fibula)  and  the  first  to  unite  with  their  shafts.  In  the  bones 
of  the  arm  and  forearm  the  nutrient  foramina  are  directed  towards  the  elbow ;  in 
those  of  the  thigh  and  leg  they  are  directed  away  from  the  knee.  Thus  in  each 
bone  the  epiphysis  of  the  extremity  towards  which  the  nutrient  foramen  is  directed 
is  the  first  to  be  united  to  the  shaft. 


v.— THE  PELVIS  AND  LOWER  LIMB. 

The  divisions  of  the  lower  limb  are  the  haunch  or  hip,  thigh,  leg,  and  foot. 
In  the  haimeh  is  the  innominate  bone,  -which,  as  entering  into  the  formation 
of  the  pelvis,  likewise  constitutes  part  of  the  skeleton  of  the  trunk  ;  in  the 
thigh  is  the  femur ;  in  the  leg  the  tibia  and  fibula  ;  and  at  the  knee  a 
large  sesamoid  bone,  the  patella.  The  foot  is  composed  of  three  parts  ; 
the  tarsus,  metatarsus,  and  phalanges. 

THE  INNOMINATE  BONE. 

The  innominate  bone,  os  coo:a},  or  pelvic  bone,  with  its  neighbour  of  the 
opposite  side  and  the  addition  of  the  sacrum  and  coccyx,  forms  the  pelvis  ; 
it  transmits  the  weight  of  the  body  to  the  lower  limb.  In  form  it  is  con- 
stricted in  the  middle  and  expanded  above  and  below,  and  is  so  curved 
upon  itself  that  while  the  superior  expansion  is  directed  inwards  posteriorly 
and  outwards  anteriorly,  the  inferior  part  is  curved  inwards  so  as  to  reach 
the  middle  line  in  front.  On  the  external  aspect  of  the  constricted  portion 
is  the  acetahulvAn,  a  cavity  which  articulates  with  the  femur,  and  per- 
forating the  inferior  expansion  is  a  large  opening,  the  obturator  foramen. 
The  superior  wider  part  of  the  bone  forms  part  of  the  abdominal  wall  :  the 
inferior  enters  into  the  formation  of  the  true  pelvis.  The  innominate  bono 
articulates  with  its  fellow  of  the  opijosite  side,  with  the  sacrum  and  with  tho 
femur. 

In  the  description  of  this  bone  it  is  convenient  to  recognise  as  distinct 
the  three  parts  of  it  which  arc  separate  in  early  life,  viz.,  the  ilium,  os 
pubis,  and  ischium.    These  three  portions  meet  at  tho  acetabulum,  in  the 
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formation  of  whicli  tliey  aU  take  part ;  and  the  os  pubis  and  ischium  also 
meet  on  the  inner  side  of  the  obturator  foramen. 

Pig.  85. — RtonT  Os  Innominatum 

PROM  THK  DORSAIi  ASPECT.  J 

1,  anterior  superior  spinous  pro- 
cess ;  2,  anterior  inferior  ditto  ;  3, 
posterior  superior ;  4,  posterior  in- 
ferior spinous  process  ;  5,  crest 
of  the  ilium  ;  6,  surface  occupied 
by  the  gluteus  medius  muscle 
above  the  superior  curved  line 
above  3,  is  a  rough  surface  to 
which  the  gluteus  maximus  is 
attached ;  7,  surface  between  the 
superior  and  inferior  curved  lines 
occupied  by  the  gluteus  minimus  ; 
8,  groove  above  the  acetabulum, 
occupied  by  the  posterior  tendon 
of  the  rectus  femoris  ;  9,  superior 
ramus  of  the  pubis  and  pectineal 
eminence  ;  10,  crest  and  spinous 
process  of  the  pubis  ;  11,  place  of 
meeting  of  the  descending  or  in- 
ferior ramus  of  the  pubis  with  the 
ascending  ramus  of  the  ischium 
13,  tuberosity  of  the  ischium  ;  14, 
cartilaginous  surface  of  the  aceta- 
bulum ;  and  15,  synovial  depres- 
sion and  pit  for  the  round  ligament ; 

16,  thyroid,  or  obturator  foramen  ; 

17,  greater,  and  18,  lesser  sciatic 
notches  ;  between  the  acetabulum 
and  the  ischial  tuberosity  is  seen 
the  groove  occupied  by  the  obtu- 
rator externus  muscle. 

The  ilkm  constitutes  the  superior  expanded  portion  of  the  bone,  and 
forms  a  part  of  the  wall  of  the  acetabulum  by  its  inferior  extremity.  Above 
the  acetabulum  it  is  limited  anteriorly  and  posteriorly  by  margins  which 
diverge  at  right  angles  one  from  the  other,  and  superiorly  by  an  arched 
thick  and  extensive  border,  the  crista  ilii.  The  crest  is  curved  like  the  letter 
/,  the  anterior  extremity  pointing  slightly  inwards  and  the  posterior  out- 
wards ;  its  surface  is  broadest  in  its  anterior  and  posterior  thirds,  it  is  rough 
for  the  attachment  of  muscles,  and  on  it  may  be  distinguished  an  external 
and  internal  lip  and  an  intermediate  space.  The  anterior  extremity  of  the 
crest  forms  a  projection  forwards  called  the  anterior  sitperio?'  S2nne  of  tJie 
ilium,  and,  separated  from  it  by  a  concave  border,  and  placed  immediately 
above  the  acetabulum,  is  another  eminence  called  the  anterior  inferior  spine : 
the  projecting  posterior  extremity  of  the  crest  forms  the  posterior  superior 
spine,  and  separated  from  it  by  a  notch  is  the  posterior  inferior  spine,  below 
which  the  posterior  border  of  the  bone  is  hollowed  out  into  the  great  sciatic 
notch.  The  external  surface,  or  dorsum  of  the  ilium,  concavo-convex  from 
behind  forwards,  presents,  close  to  the  posterior  extremity  of  the  crest,  a 
roughness  of  some  extent,  to  which  the  gluteus  maximus  muscle  is  attached, 
and  is  traversed  by  two  rough  arched  lines,  one  of  which,  the  superior  curved 
line,  beginning  in  front  at  the  upper  border  of  the  bone,  about  an  inch  and 
a  half  from  its  anterior  extremity,  arches  backwards  to  the  upper  pai-t  of 
the  great  sciatic  notch,  while  the  other,  the  inferior  curved  line,  shorter 
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and  less  strongly  marked,  extends  from  the  space  between  the  anterior 
spinous  processes  to  the  middle  of  the  great  sciatic  notch.  The  space  be- 
tween the  crest  and  the  superior  curved  line  has  the  form  of  a  curved  triangle, 
broad  behind  and  pointed  in  front,  and  gives  attachment  to  the  gluteus 
medius  muscle,  while  that  between  the  two  curved  lines  gives  attachment 
to  the  gluteus  minimus.  The  internal  surface  of  the  ilium  is  divided  into 
three  pai-ts.  The  anterior  of  these,  the  largest,  is  called  the  iliac  fossa  ;  it 
is  concave  and  smooth,  and  towards  the  middle  of  it  the  bone  is  very  thin. 
The  posterior  part  is  subdivided  ;  presenting  inferiorly  for  cartilaginous 
articulation  with  the  sacrum  the  smooth  but  uneven  auricular  surface,  broad 
in  front  and  extending  to  the  posterior  inferior  spine  behind ;  and  superiorly 
a  more  uneven  and  rough  surface  for  the  attachment  of  ligaments.  The 
third  part,  entering  into  the  formation  of  the  true  pelvis,  is  not  dis- 
tinguished by  any  mark  in  the  adult  from  the  ischium  and  os  pubis  ; 
it  is  separated  from  the  iliac  fossa  by  a  smooth  border,  the  iliac  portion  of 
the  ilio-pectineal  line,  which  extends  from  the  auricular  surface  to  the  pubic 
spine. 


Pig.  86. 


Fig.  86. — Right  Os  iNifOMiNATUnr, 

FKOII  THE  INNER  OR  PELVIC 
SURFACE.  J 

2,  3,  4,  5,  13,  16,  17,  and  18, 
indicate  the  same  parts  as  in  the 
preceding  figure  ;  19,  iliac  fossa  ; 
20,  ilio-pectineal  line  or  brim  of 
the  true  pelvis,  ending  at  24  ;  21, 
auricular  cartilaginous  sacro-iliac 
surface ;  22,  rough  tubercuiated 
surface  for  the  posterior  sacro- 
iliac ligaments  ;  23,  oval  surface  of 
the  symphysis  pubis ;  24,  spinous 
process  of  the  pubis,  terminating 
the  crest  of  the  pubis  and  the  ilio- 
pectineal  Kne  ;  between  17  and  20, 
the  pelvic  surface  of  the  ilium. 


The  OS  pubis  or  os  pectinis 
forms  the  anterior  wall  of  the 
pelvis,  and  bounds  the  obtu- 
rator foramen  in  the  upper 
half  of  its  extent.  At  its 
outer  and  upper  extremity  it 
forms  a  part  of  the  aceta- 
bulum ;  at  its  inner  extremity 
it^  presents  an  elongated  oval  surface,  articulating  by  fibro-cartilat^e 
with  the  bone  of  the  opposite  side,  its  junction  with  which  is  called  the 
symphysis  pubis.  The  part  which  passes  downwards  and  outwards  below 
the  symphysis  is  called  the  inferior  or  descending  raimis,  the  upper  part  is 
caUed  the  superior  (or  horizontal)  ramus,  and  the  flat  portion  between  the 
rami  may  be  distinguished  as  the  body.  The  deep  or  pelvic  surface  of  tho 
OS  pubis  13  smooth  ;  the  outer  surface  is  roughened  near  the  symphysis  by 
the  attachments  of  muscles.  At  the  superior  extremity  of  the  symphysis 
IS  the  angle  of  the  pubis,  and  extending  outwards  from  this  on  the  superior 
border  is  the  rough  crest,  terminating  in  the  projecting  sjyine.  The  descend- 
ing ramus  is  flat  from  before  backwards ;  the  superior  or  ascending  ramus 
becomes  prismatic,  and  increases  in  thickness  as  it  passes  upwards  and  out- 
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wards,  and  between  its  posterior  and  superior  surfoces  tliere  Ls  prolonged 
outwards  from  the  spine  a  ridge  called  the  pectineal  line,  which  is  the  pubic 
portion  of  the  ilio-2Hctineal  line.  The  surface  in  front  of  the  pectineal 
line  is  covered  by  the  pectinous  muscle  ;  the  inferior  surface  of  the  superior 
ramus  presents  a  deep  groove  for  the  obturator  vessels  and  nerve,  directed 
from  behind  forwards  and  inwards.  Above  the  acetabulum  tlie  concavity 
of  the  border  extending  from  the  anterior  inferior  spine  of  the  ilium  to  the 
spine  of  the  pubis  is  interrupted  by  a  slight  elevation,  the  ilio-jjectineal 
eminence,  situated  at  the  juuction  of  the  os  pubis  and  ilium. 

The  iscJiium  is  the  posterior  and  lowest  part  of  the  os  innominatum,  and 
bounds  the  obturator  foramen  in  the  lower  half  of  its  extent.  Superiorly  it 
forms  about  two-fifths  of  the  acetabulum,  inferiorly  it  is  enlarged  in  a  thick 
projection,  the  hvherosity,  and  this  part,  diminishing  in  size,  is  continued 
forwards  into  the  ramus.  On  its  posterior  border,  behind  the  acetabulum, 
a  sharp  process,  the  spine,  projecting  with  an  inclination  inwards,  forms  the 
inferior  limit  of  the  great  sciatic  notch,  and  is  separated  from  the  tuberosity 
by  a  short  interval,  the  small  sciatic  notch,  against  the  smooth  margin  of 
which  glides  the  tendon  of  the  obturator  internus  muscle.  In  front  of 
this,  on  the  external  surface,  a  horizontal  groove,  occupied  by  the  tendon 
of  the  obturator  extemus  muscle,  lies  between  the  inferior  margin  of  the 
acetabulum  and  the  tuberosity.  The  tuberosity,  which  is  the  i)art  on  which 
the  body  rfests  in  the  sitting  posture,  presents  a  rough  surface  con- 
tinuous with  the  internal  margin  of  the  ramus,  and  on  which  may  be 
distinguished  four  impressions,  viz.,  on  its  upper  and  broad  part  two  slight 
hollows,  which  are  placed  side  by  side,  the  external  corresponding  to  the 
attachment  of  the  semimembranosus  muscle,  and  the  internal  to  the  con- 
joined origin  of  tjie  biceps  and  semitendinosus ;  and  inferiorly  two  elongated 
rough  elevations,  likewise  side  by  side,  the  external  giving  attachment  to 
the  adductor  magnus  muscle,  and  the  internal  to  the  great  sacro-sciatic 
ligament  :  there  is  likewise  along  the  outer  margin  a  rough  elevated  line, 
marking  the  place  of  origin  of  the  quadratus  femoris  muscle.  The  ramus  of 
the  ischium  is  flattened  like  the  descending  ramus  of  the  pubis,  with  which 
it  is  continuous  on  the  inner  side  of  the  obturator  foramen. 

The  acetabulum  is  a  cotyloid  or  cup-shaped  cavity,  looking  outwards, 
downwards  and  forwards,  and  surrounded  in  the  greater  part  of  its 
circumference  by  an  elevated  margin,  which  is  most  prominent  at  the 
posterior  and  upper  part  ;  while  at  the  opposite  side,  close  to  the 
obturator  foramen,  it  is  deficient,  leaving  the  notch  or  incisura.  Its  lateral 
and  upper  parts  present  a  broad  bent  riband-Uke  smooth  surface,  which 
articulates  with  the  head  of  the  femur,  and  in  the  recent  state  is  coated 
with  cartUage,  but  the  lower  part  of  the  cup  and  the  region  of  the  notch  are 
depressed  below  the  level  of  the  articular  surface,  lodge  a  mass  of  fat,  and 
have  no  cartilaginous  coating.  Rather  more  than  two-fifths  of  the  aceta- 
bulum are  formed  from  the  ischium,  less  than  two-fifths  from  the  ilium,  and 
the  remainder  from  the  os  pubis.  The  ihac  portion  of  the  articular  surface 
is  the  largest,  the  pubic  the  smallest  :   the  non-articular  surface  belongs 

chiefly  to  the  ischium,  7    •   •  a  i 

The  obturator  or  thyroid  foramen,  also  called  foramen  ovale,  is  internal 
and  inferior  to  the  acetabulum.  In  the  male  it  is  nearly  oval,  with  the 
long  diameter  directed  downwards  and  outwards  ;  in  the  female  it  is  more 
triancmlar,  or  narrowed  at  its  lower  part.  In  the  recent  state  it  is  closed 
by  a  fibrous  membrane,  except  in  the  neighbourhood  of  the  groove  m  its 
upper  margin. 
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The  ossa  innominata  with  the  sacrum  and  coccyx  form  the  osseous  walls 
of  the  pelvis. 

This  part  of  the  skeleton  may  be  considered  as  divided  into  two  parts  at 
the  level  of  the  upper  border  of  the  symphysis  pubis,  the  sacral  promontory 
and  the  ilio-pectineal  lines.  The  circle  thus  completed  constitutes  the  brim 
or  inlet  of  the  lower  or  true  pelvis  ;  the  space  above  it,  between  the  iliac 
fossfe,  belongs  really  to  the  abdomen,  but  has  been  called  the  upper  or  false 
pelvis.  The  inferior  circumference,  or  o^itlet  of  the  pelvis,  presents  three 
bony  eminences,  the  coccyx  and  the  tuberosities  of  the  ischium.  Between 
the  tuberosities  of  the  ischium  in  front  is  the  pubic  or  sub-pubic  arch,  which 
bounds  an  angular  space  extending  forwards  to  the  symphysis,  and  is  formed 
by  the  descending  rami  of  the  ossa  pubis  and  the  asceuding  rami  of  the 
ischia.  The  interval  between  the  sacrum  and  coccyx  and  the  ischium  on 
each  side  is  bridged  over  in  the  recent  state  by  the  sacro-sciatic  ligaments, 
which  therefore  assist  in  bounding  the  outlet  of  the  pelvis. 


Fig.  87. 

View  op  the  Pelvis 
of  a  middle-aged 
Man,  as  seen  pbom 
before,  in  the 
erect  attitode  op 

THE  BODZ.  ^ 

1,  2,  anterior  ex- 
tremities of  the 
crest  of  the  ilium  in 
front  of  the  widest 
transverse  diameter 
of  the  upper  or  false 
pelvis ;  3,  4,  aceta- 
bula ;  5,  5,  thyroid 
or  obturator  fora- 
mina ;  6,  sub-pubic 
angle  or  arch. 

Fig.  88. 

View  op  the  Pelvis 
op  a  middle-aged 


Fig.  87. 


Fig.  88. 


Woman.  ^ 

Similarly  placed  with 
that  shown  in  the 
preceding  figure,  and 
designed  to  illustrate, 
by  comparison  with 
it,  the  principal  dif- 
ferences between  the 
male  and  female  pel- 
vis, viz.,  the  greater 
distance  in  the  female 
between  the  aceta- 
bula,  the  wider  and 
shallower  true  pelvis, 
the  triangular  form 
of  the  obturator  fora- 
men,    the  greater 

r'i''  ^TiT"'"  tuberosities  of  the  ischium,  and  the  greater  width  of  the 
aicn.    Xhe  numbers  indicate  the  same  paits  as  in  the  preceding  figure. 


sub-pubic 

H 
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Position,  of  the  Pelvis. — la  the  erect  attitude  of  the  body,  the  pelvis  is 
so  incliued  that  the  plane  of  the  brim  of  the  true  pelvis  forms  an  angle 
with  the  horizontal,  varying  in  different  individuals  from  60°  to  65°.  The 
base  of  the  sacrum  was  found  by  Najjele  in  a  large  number  of  well-formed 
female  bodies  to  be  about  3 1  inches  above  the  upper  margin  of  the  sym- 
physis pubis  ;  the  level  of  the  top  of  the  coccyx  he  found  varying  from 
22  lines  above  the  apex  of  the  pubic  arch  to  9  lines  below  the  same  point, 
and  on  an  average  to  be  7  or  8  lines  above  it  (Nagele,  "Das  weibliche 
Becken,"  &c.,  Carlsruhe,  1825  ;  Wood,  article  "  Pelvis"  in  the  Cyclopaedia  of 
Anatomy  and  Physiology).  The  pelvic  aspect  of  the  sacrum,  near  its  base, 
looks  much  more  downwards  than  forwards,  hence  the  sacrum  appears  at 
first  sight  to  occupy  the  position  of  the  keystone  of  an  arch  ;  but  being  in 
reality  broader  at  its  pelvic  than  on  its  dorsal  aspect,  it  is  a  key-stone 
inverted  or  having  its  broad  end  lowest,  and  is  only  supported  in  its  place 
by  cartilage  and  ligaments.  The  line  of  pressure  of  the  weight  of  the 
body  on  the  sacrum  is  directed  downwards  towards  the  symphysis  pubis, 
and  the  resistance  of  the  head  of  the  thighbone  on  each  side  is  directed 
upwards  and  inwards  :  hence  in  the  most  frequent  deformities  of  the  pelvis, 

Figs.  89  and  90. 

Sketches  of  the  Male 
AND  Female  Pelvis.  \ 

As  seen  from  above 
and  in  front,  or  at  right 
angles  to  the  brim  of 
the  true  pelvis  :  de- 
signed farther  to  illus- 
trate the  differences  of 
the  male  and  female 
form,  and  showing  in 
the  lower  figure  of  the 
female  pelvis  the  lines 
in  which  the  dimensions 
of  the  pelvis  are  usually 
measured  ;  (these  lines 
are  only  marked  on  the 
brim  of  the  pelvis). 

a,  p,  antero-posterior 
or  conjugate  diameter; 
t,  r,  transverse  or 
widest  diameter  ;  o,  b, 
0,  b,  oblique  diameters. 

In  the  original  speci- 
mens, which  were  se- 
lected as  giving  the  full 
average  dimensions,  the 
following  were  the  mea- 
surements in  inches  : — 
Antero-posterior  or 
conjugate  diameter — 
female,  44  ;  male,  4. 
Transverse  diameter — 
female,  5^  ;  male,  4J. 
Oblique  diameter — fe- 
male, 5 ;  male,  4|. 

arising  from  insuflScient  strength  of  its  walls,  the  sacrum  is  projected  into 
the  inlet  of  the  pelvis,  and  the  acetabula  approach  the  middle  line,  while 
the  pubic  bones  are  pressed  forwards  and  downwards  between  them. 


Fig.  89. 


INCLINATION  OF  THE  PELVIS 


about 
Fig.  91. 


Fig.  92, 


Fig.  91.— Vertical  antero- 
posterior Section  of  a 
Female    Pelvis,  made 

THROUGH  THE  SYMPHYSIS 

Pubis  and  middle  of 
THE  Sacrum  and  Coccyx, 

showing  the  LEFT  LATERAL 

HALF  (reduced  from  Nii- 

gele's  figuie).  ^ 

1,  symphysis  pubis  ;  2, 
base  of  tbe  sacrum  and  pro- 
montory ;  3,  coccygeal  bones  ; 
4,  anterior  superior  spine 
of  ilium  ;  5,  tuberosity  of 
ischium  ;  6,  spine  of  ischium 
(the  obturator  foramen  is  not 
represented  so  pointed  below 
as  it  generally  is  in  females). 
The  vertical  and  horizontal 
lines  in  the  lower  part  of  the 
figure  serve  as  standards  of 
cpmparison  for  the  degree  of 
inclination  of  the  pelvis,  as 
illustrated  by  the  next 
figure. 

Fig.  92. — Sketch  of  part  op  the 
Preceding  Figure,  showing 
THE  Inclination  of  the  brim 
OF  the  Pelvis  and  its  Axis 
IN  the  Erect  Posture.  \ 

a,  6,  line  of  inclination  of  the 
brim  of  the  true  pelvis  from  above 
the  symphysis  pubis  to  the  pro- 
montory of  the  sacrum  :  e,  /,  a 
line  inclining  backwards  and  up- 
wards, touching  the  lower  edge  of 
the  symphysis  pubis  and  point  of 
the  coccyx ;  c,  d,  axis  of  the 
brim  at  right  angles  to  the  plane 
of  the  brim  ;  from  d  to  the  dotted 
line  at  right  angles  to  ef,  curved 
axis  of  the  cavity  continued  into 
that  of  the  outlet  of  the  osseous 
pelvis ;  h,  g,  axis  of  the  outlet 
of  the  pelvis  when  tbe  soft  parts 
are  combined. 

concave,  while  the  anterior 
wall  at  the  S3n3iphysi3  pubis 
is  only  one  and  a  half  or 
two  inches  long  ;  the  axis  is 

curved  ;  it  is  directed  at  the  inlet  upwards  and  forwards  towards  the  um- 
bilicus, and  at  the  outlet  downwards  and  a  little  forwards.  The  curvature 
of  the  axis  of  the  pelvis  is  specially  important  as  indicating  the  course 
in  which  the  child's  head  is  propelled  in  the  process  of  parturition  ;  and 
it  may  bo  mentioned  that  in  the  female  pelvis  with  the  soft  parts  entire,  the 
axis  of  the  outlet  ia  curved  much  more  forwards  than  in  the  skeleton,  the 
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posterior  wall  being  prolonged  in  that  direction  by  the  integuments  of  the 
perinsBum. 

Differ  mens  according  to  Sea-.— The  size  and  form  of  the  pelvis  differ 
remarkably  m  the  two  sexes.  In  the  female  the  constituent  bones  are 
more  slender  and  less  marked  with  muscular  impressions  ;  the  perpendicular 
depth  is  less,  and  the  breadth  and  capacity  greater :  the  ilia  are  more  ex- 
panded than  in  the  male  ;  the  inlet  of  the  true  pelvis  is  more  nearly  circular, 
the  sacral  promontory  projecting  less  into  it,  and  Is  broader  from  side  to 
side  ;  the  depth  of  the  symphysis  pubis  is  less,  the  pubic  arch  is  much 
wider,  and  the  space  between  the  tuberosities  of  the  ischia  greater. 

The  average  dimensions  of  the  pelvis,  as  measured  in  a  number  of  full- 
sized  males  and  females,  may  be  stated  as  follows,  in  inches  :  


Distance  between  the  widest  part  of 
the  crests  of  the  ilium  . 

Distance  between  the  anterior  superior 
spines  of  the  ilium 

Distance  between  the  front  of  sym- 
physis pubis  and  the  sacral  spines  . 

Tkuk  Pelvis. 

Transverse  diameter 

Oblique  diameter        .       .       .  . 

Antero-posterior  diameter 

Male. 

Female. 

10      to  11 
H    —  10 
64—7 

104     to  11 
10      —  104 

64  -  74 

Brim. 

Cavity. 

Outlet. 

Brim. 

Cavity. 

Outlet. 

44 
4i 
4 

44 
44 
44 

34 
4 

H 

5i 
5 

5 

51 

H 

4f 
4J 
5 

THE  FEMUR. 

The  femur  or  thigh  bone,  the  largest  bone  of  the  skeleton,  is  situated 
between  the  os  innominatum  and  the  tibia.  In  the  erect  position  of  the 
body  it  inclines  inwards  and  slightly  backwards  as  it  descends,  so  as  to 
approach  inferiorly  its  fellow  of  the  opposite  side,  and  to  have  its 
upper  end  a  little  in  advance  of  the  lower.  It  is  divisible  into  a  superior 
extremity  including  the  head  and  neck  and  two  eminences  called  tro- 
chanters, the  shaft,  and  an  inferior  extremity  expanded  into  an  external 
and  internal  condyle. 

At  the  superior  extremity  of  the  bone,  the  neck  extends  inwards  and 
upwards,  and  has  a  slight  inclination  forwards  from  the  shaft.  It  has  a 
constricted  appearance,  and  its  diameter  from  before  backwards  is  less  con- 
siderable than  in  the  vertical  direction,  in  which  last  greater  strength  is 
required  to  sustain  the  weight  of  the  body.  Its  superior  surface  is  shortest  ; 
its  inferior  surface  longest,  and  the  anterior  shorter  than  the  posterior.  The 
head,  forming  more  than  half  a  sphere,  covered  with  cartilage  in  the  fresh 
state,  surmounts  the  neck,  and  is  articulated  with  the  acetabulum.  Beneath 
its  most  prominent  point  is  a  small  depression  or  pit,  which  gives  attach- 
ment to  the  round  ligament  of  the  hip  joint. 

The  trochanter  major  is  a  thick  truncated  process  prolonged  upwards  in 
a  line  with  the  external  surface  of  the  shaft.  In  front  it  is  marked  by  the 
insertion  of  the  gluteus  minimus  ;  externally  an  oblique  line  directed  down- 
wards and  forwards  indicates  the  inferior  border  of  the  insertion  of  the 
gluteus  me-iius  muscle,  and  lower  down  a  horizontal  line,  continued  upwards 
in  front  of  the  trochanter,  marks  the  upper  limit  of  the  vastus  externus. 
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IntemaUy  at  its  base,  and  rather  behiud  the 

Fig.  93.— Fbmur  of  a  Male  prom  bkpore.  J 
1,  shaft ;  2,  head  ;  3,  neck  ;  4,  great  tro- 
chanter ;  5,  small  trochanter  ;  6,  anterior  inter- 
trochanteric line  ;  7,  internal  articular  condy  e  ; 
8,  external  articular  condyle  ;  9,  internal  tube- 
rosity ;  10,  external  tuberosity;  11,  the  patellar 
articular  surface  ;  above  it  12,  the  flat  part  of 
the  femur  sometimes  called  the  suprapatellar 
surface  ;  13,  the  depression  for  the  tendon  of  the 
popliteus  muscle. 

fossa,  which  gives  attachment  to  the  ob- 
turator externus  muscle.  The  posterior 
border  of  the  great  trochanter  is  pro- 
mi  ueut,  and  continued  into  a  smooth 
elevation,  the  2iosterior  inter-trochanteric 
line,  which  passes  downwards  and  in- 
wards to  the  small  trochanter,  and  limits 
the  neck  posteriorly.  The  small  tro- 
chanter, a  conical  rounded  eminence, 
projects  from  the  posterior  and  inner 
aspect  of  the  bone,  and  gives  attach- 
ment to  the  tendon  of  the  psoas  and 
iliacus  mnscles.  The  anterior  trochan- 
teric line  is  a  rough  ridge  limiting  the 
neck  in  front  between  the  two  tro- 
chanters ;  it  indicates  the  superior  border 
of  the  crureus  and  vastus  internus  mus- 
cles, and  is  continuous  beneath  the  great 
trochanter  with  the  line  which  limits 
the  vastus  externus. 

The  shaft  is  slightly  arched  from  above 
downwards,  with  the  convexity  forwards. 
It  is  expanded  at  its  upper  and  lower 
ends.  Towards  the  centre  it  is  nearly 
cylindrical,  but  with  an  inclination  to 
the  prismatic  form.  Its  anterior  and 
lateral  surfaces,  smooth  and  uniform,  are 
covered  by  the  crureus  and  vasti  muscles. 
The  elevation  which  separates  the  ante- 
rior from  the  internal  surface  is  at  the 
upper  part  strongly  marked  and  inclined 
forwards,  giving  the  appearance  to  the 
bone  as  if  the  forward  inclination  of  the 
neck  were  produced  by  a  twisting  out- 
wards of  the  upper  end  of  the  shaft. 
The  lateral  surfaces  in  the  middle  of  their 
extent  approach  one  another  behind,  being 
only  separated  by  the  linea  aspera.  The 
linea  aspera  is  a  prominent  ridge,  extend- 
ing along  the  central  third  of  the  shaft 
posteriorly,  and  bifurcating  above  and 
below.   It  inclines  slightly  inwards  in  the 


;,  is  the  trochanteric  or  digital 
Fig.  93. 


midtlle,  so  as  to  make  the  external 
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suiface  of  the  shaft  seem  concave  in  that  part.     It  presents  two  sharp 


14 


10- 


J6- 


17 


.10 


18 


external  portion  of  this  surface 


Fig.  94. — Femur  op  a  Male  from  behind.  | 

4,  5,  7,  8,  9,  10  and  13,  the  same  as  in  the 
preceding  figure ;  2',  pit  on  the  head  for  the  round 
ligament  of  the  hip-joint ;  3',  the  back  of  the  neck, 
showing  a  slight  groove  of  the  obturator  externus 
muscle  as  it  passes  over  the  capsular  ligament 
and  neck  ;  14,  rough  impression  of  the  attach- 
ment of  the  gluteus  maximus  muscle  in  the  upper 
and  outer  continuation  of  the  linea  aspera  ;  1 5, 
two  lines  running  up  towards  the  lesser  trochanter 
from  the  linea  aspera,  marking  the  attachments  of 
the  adductor  brevis  and  pectineus  muscles  ;  16, 
flat  elevated  surface  of  the  linea  aspera;  17,  flat 
triangular  popliteal  surface  between  the  lower 
divisions  of  the  linea  aspera  ;  1 8,  intercondyloid 
or  crucial  notch  ;  19,  foramen  for  the  nutritious 
or  medullary  vessels. 

margins  and  a  flat  intervah  The  external 
division  of  its  superior  bifurcation  passes 
up  to  the  great  trochanter,  and  in  its 
course  is  strongly  marked  where  the 
gluteus  maximus  is  attached  ;  the  internal 
division  terminates  in  front  of  the  small 
trochanter.  The  inferior  divisions  termi- 
nate at  the  tuberosities  of  the  condyles, 
and  enclose  between  them  a  flat  triangular 
surface  of  bone,  which  is  free  from  mus- 
cular attachments,  and  forms  the  floor  of 
the  upper  part  of  the  popliteal  space. 
Towards  the  superior  part  of  the  linea 
aspera  is  the  foramen  for  the  medullary 
vessels  directed  upwards  into  the  bone. 

The  inferior  extremity  presents  two 
rounded  eminences,  the  condyles,  united 
anteriorly,  but  separated  posteriorly  by  a 
deep  inter-condyloid  fossa.  Their  greatest 
prominence  is  directed  backwards,  and 
their  curve,  as  it  increases  towards  that  part, 
may  be  compared  to  that  of  a  partially 
uncoiled  piece  of  watch-spring.  The  ex- 
ternal condyle  is  the  broadest  and  most 
prominent  in  front  ;  the  internal  is  the 
longest  and  most  prominent  inferiorly. 
One  large  articular  surface,  coated  con- 
tinuously with  cartilage,  extends  over  both 
condyles,  but  opposite  the  front  of  thei 
inter-condyloid  fossa  it  is  divided  by  two 
slight  linear  depressions  into  three  parts, 
an  elevated  surface  on  each  side  of  the  fossa 
for  articulation  with  the  tibia ;  and  a 
grooved  anterior  surface  for  the  patella. 
The  patellar  surface  is  of  a  trochlear  form, 
being  marked  by  a  vertical  hollow  ;  the 
is  the  most  prominent,  and  rises  highest. 
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The  tibial  surfaces  are  nearly  parallel,  except  in  front,  where  the  internal 
turns  obliquely  outwards  to  reach  the  patellar  surface.  Above  the 
condyles  are  two  rough  tuberosities,  one  on  each  side  of  the  bone,  which 
give  attachment  to  the  external  and  internal  lateral  ligaments  of  the  knee 
joint.  Between  the  external  tuberosity  and  the  back  part  of  the  external 
condyle  is  a  smooth*  groove  directed  downwards  and  forwards,  and  ending 
anteriorly  in  a  pit,  in  which  the  poplifceus  muscle  takes  origin. 

In  the  female  the  angle  made  by  the  neck  of  the  femur  with  the  shaft  is  less 
obtuse  than  in  the  male  ;  and  from  the  greater  width  of  the  pelvis,  and  the  shortness 
of  the  limbs,  the  convergence  of  the  thigh  bones  inferiorly  la  more  apparent. 

THE  PATELLA. 

The  patella,  rotula,  or  knee-pan,  is  situated  at  the  front  of  the  knee 
joint,  is  attached  inferiorly  by  a  ligament  or  tendon  to  the  tibia,  and  may  be 

Fig  95.— Right  Pathlla.    J  Pig.  95. 

A  from  before  ;  B  from  behind. 

Both  views  show  the  lower  extremity  pointing  slightly  inwards  ; 
the  posterior  view  shows  the  articular  cartilaginous  surface,  divided 
by  an  elevated  ridge  into  a  smaller  internal  and  a  larger  external 
part. 

considered  as  a  sesamoid  bone  developed  in  the  tendon  of 
the  quadriceps  extensor  cruris.  It  is  compressed  from 
before  backwards,  and  has  the  form  of  a  triangle  with  the 
apex  below.  Its  anterior  surface  is  subcutaneous  ;  its 
siiperior  border  is  broad,  and  gives  attachment  to  the 
extensor  muscles ;  its  inferior  angle,  together  with  a 
rough  depression  on  its  deep  aspect,  gives  attachment  to 
the  ligamentum  patellae.  The  deep  surface,  except  at  the 
inferior  angle,  is  coated  with  cartUage  for  articulation  with 
the  femur,  and  is  divided  by  a  vertical  elevation  into  two 
parts,  the  external  of  which  is  largest  and  is  transversely  concave,  whUe 
the  rutemal  is  convex. 

THE  TIBIA. 

The  tibia,  or  shin  bone,  is,  next  to  the  femur,  the  longest  bone  in  the 
skeleton.  It  is  the  anterior  and  inner  of  the  two  bones  of  the  leg,  and 
alone  communicates  the  weight  of  the  trunk  to  the  foot.  It  articulates  with 
the  femur,  fibula,  and  astragalus. 

The  superior  extreviity  is  thick  and  expanded,  broader  from  side  to  side 
than  from  before  backwards,  and  slightly  hollowed  posteriorly.  On  its 
superior  aspect  are  placed  two  slightly  concave  articular  surfaces,  which 
sustain  the  femur.  These  are  the  condyloid  surfaces  ;  they  are  oval  in  form, 
the  external  being  widest  transversely,  and  the  internal  longest  from 
before  backwards.  Between  them  is  an  irregular  interval,  depressed  in 
front  and  behind,  where  it  gives  attachment  to  the  crucial  ligaments 
and  semilunar  cartilages  of  the  knee  joint,  and  elevated  in  the  middle, 
where  is  formed  the  spine.  The  summit  of  the  spine  presents  two 
prominent  tubercles,  which  are  formed  by  the  prolongation  upwards  on 
its  sides  of  the  margins  of  the  condyles  ;  that  of  the  outer  condyle  being 
turned  slightly  forwards,  and  that  of  the  inner  more  slightly  backwards. 
On  the  sides  of  the  upper  extremity  of  the  bone  are  two  rounded 
eminences,  the  external  and  internal  tuberosities  ;  the  outer  one  of  these 
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somewhat  smaller  than  the  other,  is  marked  posteriorly  by  a  flat  surface 
which  articulates  with  the  fibula,  while  the  inner  presents  a  groove  for 
the  insertion  of  the  semi-membranosus  muscle.  Lower  down,  in  front,  is 
situated  the  anterior  tuberosity  or  tubercle,  rough  inferiorly,  where  it  gives 
attachment  to  the  ligamentum  patellse,  and  smooth  above,  where  it  is 
covered  by  a  synovial  bursa. 


Fig.  96. — Right  Tibia  from  befobb.  ^ 

1,  shaft,  and  shin  or  anterior  border;  2,  inner  tube- 
rosity ;  3,  outer  tuberosity  ;  4,  inner,  and  5,  outer, 
condyloid  articular  surface ;  6,  crucial  spine,  with  fossa 
at  its  root  in  front ;  7,  anterior  tuberosity  or  tubercle  ; 
8,  lower  articular  surface  for  astragalus;  9,  malleolus 
internus. 


The  shaft  of  the  tibia  is  three-sided,  and 
diminishes  in  size  as  it  descends  for  about  two- 
thirds  of  its  length,  but  increases  somewhat 
towards  its  lower  extremity.  The  internal  sur- 
face is  convex  and  subcutaneous,  except  at  the 
upper  part,  where  it  is  crossed  by  the  tendons 
of  the  sartorius,  gracilis,  and  semitendinosus 
muscles.  It  is  separated  from  the  external  sur- 
face by  a  sharp  subcutaneous,  slightly  sinuous 
crest,  the  shin  ridge,  which  descends  from  the 
anterior  tuberosity,  and  is  smoothed  away  in  the 
inferior  third  of  the  bone.  The  external  sv/rface  is 
slightly  hollowed  in  the  larger  part  of  its  extent, 
where  it  gives  origin  to  the  tibialis  anticus  muscle  ; 
but  beneath  the  point  where  the  crest  disappears 
it  turns  forwards,  becomes  convex,  and  is  covered 
by  the  extensor  tendons.  The  posterior  surface 
is  traversed  obliquely  in  its  upper  third  by  the 
popliteal  line — a  rough  mark  which  extends  up- 
wards and  outwards  to  the  external  tuberosity, 
giving  attachment  to  the  soleus  muscle,  and 
separating  a  triangular  area,  in  which  the 
popliteus  muscle  lies,  from  the  space  below, 
which  gives  origin  to  the  flexor  longus  digitorum 
and  tibialis  posticus.  Internally,  the  posterior 
surface  is  separated  from  the  internal  by  a 
smooth  rounded  border  ;  whUe  on  its  external 
side  is  a  sharp  ridge,  inclined  forwards  above, 
to  which  the  interosseous  membrane  is  attached. 
Near  the  popliteal  line  is  a  large  medullary 
foramen,  directed  downwards  into  the  interior  of 
the  bone. 

The  inferior  extremity,  much  smaller  than  the 
superior,  is  expanded  transversely,  and  projects 
downwards  on  its  inner  side,  so  as  to  form  a 
thick  process,  the  internal  malleolus.     Inferiorly  it  presents  for  articulation 
with  the  astragalus  a  cartilaginous  surface,  which  is  quadrilateral,  concave  from 
before  backwards,  and  having  its  posterior  border  narrower  and  projecting 
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farther  downwards  than  the  anterior  ;  internally  the  cartilaginous  surface  is 
continued  down  in  a  vertical  direction  upon  the  internal  malleolus,  cloth- 
ing its  outer  surface  somewhat  more  deeply  in  front  than  behind.  The 

Fig.  97. — KiOHT  Tibia  fbom  behind.    J  Fig.  97. 

6,  and  9,  as  in  the  preceding  figure  ;  2',  groove  behind  Q 
the  internal  tuberosity  for  the  tendon  of  the  semi-mem- 
branosus  muscle  ;  10,  inclined  articular  facet  below  and 
behind  the  outer  tuberosity  for  the  head  of  the  fibula  ; 
11,  oblique  line  of  tibia,  above  which  is  the  triangular 
popliteal  surface  ;  12,  foramen  directed  downwards  for 
the  nutritious  or  medullary  vessels;  13,  triangular 
rough  surface  for  the  lower  interosseous  ligament  and 
small  cartilaginous  surface  below  it  for  articulation  with 
the  fibula  ;  14,  below  a  slight  groove  marking  the  place 
of  the  flexor  longus  pollicis  muscle  ;  15,  below  the 
groove  of  the  tendons  of  the  flexor  communis  digitorum  and 
tibialis  posticus  muscles,  behind  the  malleolus  internus. 
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external  surface,  slightly  concave,  is  rough 
superiorly  for  ligament,  and  smooth  below  for 
articulation  with  the  fibula.  The  posterior  sur- 
face is  marked  by  a  double  groove  on  the  in-' 
ternal  malleolus  for  the  tendons  of  the  tibialis 
posticus  and  flexor  longus  digitorum,  and  more 
externally  by  a  slight  depression  where  the  flexor 
longus  pollicis  lies  ;  the  inner  surface  of  the 
internal  malleolus  is  subcutaneous. 

The  tibia  is  slightly  twisted,  so  that  when  the 
internal  malleolus  is  directed  inwards,  the  in- 
ternal tuberosity  is  inclined  backwards — a  con- 
formation which  deserves  attention  in  the 
diagnosis  and  adjustment  of  fractures. 

THE  FrBULA. 

The  fibula,  or  peroneal  bone,  is  situated  at  the 
external  side  of  the  leg  :  it  is  nearly  equal  to 
the  tibia  in  length,  but  is  much  more  slender. 
Its  inferior  extremity  is  placed  a  little  in  advance 
of  the  upper  ;  and  its  shaft  is  slightly  curved, 
so  as  to  have  the  convexity  directed  backwards, 
and,  in  the  lower  half,  slightly  inwards  towards 
the  tibia. 

The  superior  extremity,  or  head,  somewhat 
expanded,  presents  a  small  oval  cartilaginous 
surface  looking  upwards  and  inwards,  which 
articulates  with  the  external  tuberosity  of  the 

tibia,  and  externally  to  this  a  rough  prominence  directed  upwards,  to 
which  the  tendon  of  the  biceps  muscle  is  attached  :  its  external  surface  is 
subcutaneous  ;  the  rest  is  rough  for  ligaments. 

The  inferior  extremity,  or  external  malleolus,  is  larger  than  the  head  of 
the  bone,  and  longer  and  more  prominent  than  the  internal  malleolus  • 
internally  it  forms  the  outer  Umit  of  the  ankle-joint,  and  presents  a  triangular 
smooth  surface  for  articulation  with  the  astragalus,  bounded  posteriorly  bv 
a  rough  depression  where  the  transverse  ligament  is  attached  :  its  anterior 
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border,  after  projecting  rather  abruptly  forwards,  slopes  downwards  and 
backwards  ;  its  posterior  border  presents  a  shallow  groove  traversed  by  the 
tendons  of  the  peronei  muscles  ;  while  externally  it  is  convex  and  sub- 
cutaneous, and  a  triangular  subcutaneous  surface  is  continued  up  from  it 
for  an  inch  or  two  on  the  shaft. 


Fig.  98. 


■2  mil*/!;./ 


Fig.  98. — Right  Fibula  from  the  outside  and 

BEFOKE.  J 

1,  shaft,  outer  and  anterior  surface,  showing  the 
oblique  grooves  of  the  peronei  muscles  ;  2,  head  ;  3,  its 
projection,  giving  insertion  to  the  tendon  of  the  biceps 
femoris  ;  4,  malleolus  externus  or  lower  end,  the  figure 
is  placed  opposite  its  anterior  or  oblique  edge  ;  above  this 
is  seen  the  triangular  subcutaneous  surface  of  the  bone. 

Fig  99.— Right  Fibula  from  the  inside  and 

BEHIND.  ^ 

5,  the  oblique  surface  of  articulation  with  the  tibia 
superiorly;  6,  points  to  the  internal  or  interosseous 
ridge  ;  7,  the  triangular  rough  surface  for  the  lower 
interosseous  ligament ;  8,  the  external  malleolar  surface 
for  articulation  with  the  astragalus;  9,  groove  behind 
the  malleolus  externus  for  the  tendons  of  the  peronei 
muscles. 

The  shaft  is  irregularly  four-sided  and  twisted. 
One  surface,  from  which  the  peronei  muscles 
take  origin,  looks  forwards  at  the  commence- 
ment, then  turning  outwards  and  backwards  is 
continued  behind  the  subcutaneous  space  of  the 
lower  end  to  the  groove  behind  the  malleolus. 
Another  surface  looking  backwards  in  the 
upper  half  of  its  extent,  winds  inwards  and 
terminates  above  the  articular  surface  of  the 
malleolus  ;  near  its  upper  end  this  surface  is 
rough,  giving  attachment  to  the  soleus  muscle, 
and  in  the  rest  of  its  extent  it  is  occupied  by 
the  flexor  longus  polhcis.  The  remaining  part 
of  the  surface  of  the  bone,  internal,  turns  for- 
wards inferiorly,  and  terminates  on  the  anterior 
margin  of  the  malleolus  :  it  is  divided  by  a 
longitudinal  line  to  which  the  interosseous 
ligament  is  attached,  into  a  posterior  and  upper 
part,  which  gives  origin  to  the  tibialis  posticus, 
and  an  anterior  and  lower  part,  from  which 
arise  the  long  extensors  of  the  toes  and  the 
peroneus  tertius,  the  interosseous  membrane 
being  attached  to  the  line  between  these  sur- 
faces. About  the  middle  of  the  posterior  sur- 
face is  the  medullary  foramen  directed  down- 
wards into  the  bone. 


THE  TAEStrS. 

The  tarsus  is  composed  of  seven  bones,  viz.,  the  os  calcis,  astragalus, 
cuboid,  scaphoid,  and  three  cuneiform. 


TARSAL  BONES. 
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THE  CALCANEUM, 

The  calcanoum,  or  os  calcis,  is  the  largest  bone  of  the  foot.  Projecting 
downwards  and  backwards  it  forms  the  heel.  Above  it  articulates  with  the 
astra-alus,  and  in  front  with  the  cuboid  bone.  Its  principal  axia  extends 
forwards  and  outwards  from  its  posterior  extremity  to  the  cuboid  bone. 

Fig.  100.— Right  Foot  viewed  from  above,  showing  Fig.  100. 

ITS  Dorsal  aspect.  J 
a,  scaphoid  bone ;  b,  astragalus ;  c,  os  calcis ;  d,  its 
great  tuberosity  ;  e,  internal  or  first  cuneiform ;  /,  middle 
cuneiform ;  g,  external  cuneiform  ;  h,  cuboid  bone.  I  to 
V,  the  series  of  metatarsal  bones  ;  1,  3,  first  and  terminal 
phalanges  of  the  great  toe  ;  1,  2,  3,  are  placed  opposite  to 
the  first,  second,  and  terminal  phalanges  of  the  second  toe. 

The  large  posterior  extremity,  or  tuber  calcis, 
presents  inferiorly  two  tubercles,  which  rest  upon 
the  ground,  and  the  internal  of  which  is  largest  : 
the  rest  of  its  surface,  looking  backwards,  is 
divided  into  a  lower  part,  which  receives  the 
attachment  of  the  tendo  A  chillis,  and  an  upper 
part,  smooth  and  less  prominent,  separated  from 
that  tendon  by  a  synovial  bursa.  The  part  in 
front  of  the  tuber  forms  a  slightly  constricted 
neck.  The  internal  surface  of  the  bone,  traversed 
by  the  plantar  vessels  and  nerves  and  the  flexor 
tendons,  is  deeply  concave,  and  its  concavity  is 
surmounted  in  front  by  a  flattened  process,  the 
sustentaculum  tali,  which  projects  inwards  near 
the  anterior  extremity  of  the  bone,  in  a  line  with 
its  upper  surface,  and  presents  inferiorly  a  groove 
occupied  by  the  tendon  of  the  flexor  longus  poUicis. 
The  superior  surface  presents  two  articular  facets 
for  the  astragalus  :  the  anterior  of  these  is  placed 

over  the  sustentaculum,  and  is  flat  ;  the  other,  external  and  posterior  to 
this,  and  larger,  is  separated  from  it  by  a  rough  furrow,  giving  attachment 
to  the  interosseous  ligament,  and  is  convex  from  without  inwards  and  back- 
wards. In  front  of  this  latter  facet  is  a  rough  depression,  from  which  the 
extensor  brevis  digitonim  takes  origin.  The  anterior  extremity  articulates, 
by  a  surface  slightly  concave  in  the  vertical  and  convex  in  the  transverse 
direction,  with  the  cuboid  bone  ;  and  internal  to  this,  in  front  of  the  sus- 
tentaculum tali,  it  gives  attachment  to  the  inferior  calcaneo-scaphoid  ligament. 
The  inferior  surface,  projecting  in  a  rough  anterior  tubercle,  gives  attach- 
ment to  the  calcaneo-cuboid  ligaments.  The  external  surface  is  subcutaneous, 
and  on  the  whole  smooth,  but  presents  in  its  fore-part  superficial  grooves 
traversed  by  the  tendons  of  the  peronei  muscles. 


THE  astragalus. 

The  astragalus  or  talus,  irregular  in  form,  receives  the  weight  of  the  body 
from  the  leg.  It  articulates  with  the  tibia  and  fibula  above,  the  os  calcis 
below,  and  the  scaphoid  in  front.  Its  longest  axis  is  directed  forwards  and 
inwards.  Its  convex  anterior  extremity  is  called  the  head,  and  the  circular 
groove  behind  it  the  neck    The  superior  articular  surface,  placed  behind 
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tlie  neck,  consists  of  a  middle  and  two  lateral  parts.  The  middle  part, 
looking  upwards  to  the  tibia,  is  convex  from  before  backwards,  broader  in 
front  than  behind,  with  its  outer  margin  higher  and  longer  than  the  inner, 
and  curved,  while  the  inner  is  straight.  The  inner  lateral  part  is  narrow, 
and  articulates  with  the  internal  malleolus ;  the  outer  lateral  part,  much  deeper, 
articulates  with  the  external  malleolus.  Inferiorly,  there  are  two  smooth 
surfaces,  which  articulate  with  the  calcaneum.  The  posterior  of  these,  the 
largest,  concave  from  within  outwards  and  forwards,  is  separated  by  a 
rough  depression  for  the  interosseous  ligament  from  the  flat  anterior  sur- 
face, which  rests  on  the  sustentaculum  tali.  -The  anterior  margin  of  this 
surface  is  continuous  with  the  rounded  surface  of  the  head,  which  articulates 
with  the  scaphoid  bone.  The  posterior  border  of  the  bone  lies  behind  the 
sustentaculum  tali,  and,  like  that  process,  is  grooved  by  the  tendon  of 
the  flexor  longus  pollicis. 


Fig.  101.  Fig.  101. — Eight  Foot  viewed  from  below,  showing 

THE  Plantar  aspect.  | 

The  indications  are  the  same  as  in  the  preceding  figure  ; 
the  middle  and  external  cuneiform  bones  are  not  lettered  ; 
the  sesamoid  bones  are  not  represented  ;  they  will  be  seen 
in  the  view  of  the  articulations  of  the  foot. 


THE  CUBOID  BONE. 

This  bone  is  situated  at  the  outer  side  of  the 
foot,  between  the  calcaneum  and  the  fourth  and 
fifth  metatarsal  bones.  It  deviates  from  the  cuboid 
form  and  becomes  rather  pyramidal  by  the  sloping 
of  four  of  its  surfaces  towards  the  smaller  ex- 
ternal border.  The  posterior  surface  articulates 
with  the  OS  calcis,  the  anterior  surface,  also  covered 
with  cartilage,  is  divided  into  an  internal  quadri- 
lateral and  an  external  triangular  facet,  articu- 
lating with  the  fourth  and  fifth  metatarsal  bones. 
On  the  internal  surface,  in  the  middle,  and  touch- 
ing its  superior  border,  is  a  smooth  surface,  which 
articulates  with  the  external  cuneiform  bone,  and 
behind  this,  in  some  instances,  a  smaller  surface 
articulating  with  the  scaphoid,  while  the  remainder 
is  rough  for  ligaments.  The  external  border  pre- 
sents a  vertical  groove,  in  which  the  tendon  of  the 
peroneus  longus  lies  ;  and  the  inferior  surface  is 
traversed  obliquely  near  its  anterior  margin  by 
a  continuation  of  the  same  groove  ;  behind  this  there  is  a  thick  ridge, 
which,  -with  the  rest  of  the  inferior  surface,  gives  attachment  to  the  calcaneo- 
cuboid ligaments.  The  superior  surface  looking  outwards  and  upwards,  is 
on  the  whole  even,  but  rather  rough. 

THE  SCAPHOID  BONE. 

The  scaphoid  or  navicular  bone  is  placed  at  the  inner  side  of  the  foot, 
between  the  astragalus  and  cuneiform  bones.  It  is  short  from  behind 
forwards,  and  broad  from  side  to  side.  It  presents  posteriorly  an  articular 
concavity  for  the  head  of  the  astragalus,  and  anteriorly  a  convex  surface 
divided,  by  two  lines  converging  below,  into  three  facets  which  articulate 
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respectively  with  the  three  cuneiform  bones.  Ou  its  outer  side,  m  some 
instances  is  a  small  smooth  surface,  by  which  it  is  articulated  to  the  cuboid 
bone  Its  superior  and  inferior  surfaces  are  rough,  and  on  its  inner  border, 
directed  downwards,  is  a  prominent  tubercle  to  which  the  tendon  of  the 
tibialis  posticus  muscle  is  attached. 

THE  CUNEIFORM  BONES. 

These  wed<^e-shaped  bones,  three  in  number,  are  distinguished  numerically 
according  to  their  order  from  within  outwards.  They  intervene  between  the 
scaphoid^bone  and  the  three  inner  metatarsal  bones,  and  present  anteriorly 
and  posteriorly  smooth  surfaces  for  articulation  with  those  bones.  The  first 
or  internal  cuneiform  bone  is  the  largest ;  it  is  narrow  above,  and  thick 
and  rough  towards  the  sole  ;  its  dorsal  surface  looks  inwards  and  upwards, 
and  is  rnarked  by  an  oblique  descending  groove,  in  which  the  tendon  of  the 
tibialis  auticus  lies  ;  its  external  surface,  concave  and  rough  inferiorly,  is 
smooth  and  articular  above.  The  second  and  third,  or  middle  and  ex- 
ternal, cuneifoi-m  bones  each  present  a  quadrangular  surface  superiorly,  and 
a  narrower  rough  edge  below,  contributing  thus  to  form  the  transverse  arch 
of  the  foot.  The  proximal  ends  of  the  three  bones  are  in  the  same  transverse 
line  ;  but  as  the  middle  bone  is  the  shortest,  the  internal  and  external 
project  forwards,  so  as  to  articulate  laterally  not  only  with  the  sides  of  that 
bone,  but  also  with  the  base  of  the  second  metatarsal  bone,  which  is  inserted 
between  them.  The  outer  side  of  the  third  cuneiform  articulates  by  a 
smooth  flat  surface  with  the  cuboid,  and  by  a  small  narrow  facet  (some- 
times  absent)  with  the  fourth  metatarsal  bone. 

THE  METATAKSCTS. 

The  five  metatarsal  bones  are  distinguished  by  numbers,  according  to 
their  position  from  within  outwards. 

They  resemble  the  metacarpal  bones  of  the  hand  in  being  shafted  bones, 
slightly  convex  from  behind  forwards  on  the  dorsal  aspect,  and  having 
irregularly  shaped  proximal  extremities,  three-sided  shafts,  and  rounded 
heads  which  articulate  with  the  phalanges.  The  first  metatarsal  bone  is 
much  thicker  and  more  massive,  though  shorter  than  any  of  the  rest.  The 
others  diminish  in  length  from  the  second  to  the  fifth. 

The  proximal  extremities  resemble  those  of  the  metacarpal  bones  exactly 
as  regards  the  number  of  bones  with  which  each  articulates.  The  first 
articulates  with  one  bone,  the  internal  cuneiform  ;  the  second  with  four 
bones,  viz.  the  three  cuneiform  and  the  third  metatarsal ;  the  third  with 
three  bones,  viz.  the  external  cuneiform  and  the  adjacent  metatarsals  ;  the 
fourth  with  four  bones,  viz.  the  cuboid,  external  cuneiform,  and  the  adjacent 
metatarsals  ;  the  fifth  with  two  bones,  viz.  the  cuboid  and  the  fourth  meta- 
tarsal. The  fourth,  however,  is  sometimes  connected  with  only  three  bones, 
its  facet  for  articulation  with  the  external  cuneiform  being  absent.  The 
tarsal  extremity  of  the  first  metatarsal  bone  presents  a  slightly  concave 
articular  surface,  and  is  broad  below  and  narrow  above.  That  of  the  fifth 
presents  externally  a  large  rough  tuberosity  which  projects  beyond  the  other 
bones  at  the  outer  side  of  the  foot  ;  and  the  line  of  its  articulation  with  the 
cuboid  bone  is  so  oblique  that,  if  prolonged  inwards,  it  would  reach  tho 
digital  end  of  the  first  metatarsal  bone.  The  tarsal  ends  of  the  remaining 
three  bones  are  broad  and  flat  above,  rough  and  narrower  below,  and  by 
their  wedge-like  form  assist  in  producing  the  transverse  arch  of  the  foot. 
The  shafts  present  in  the  greater  part  of  their  extent  a  prominent  border 
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looking  upwards,  which  in  the  middle  three  projects  between  the  dorsal 
interosseous  muscles  on  each  side. 

The  heads,  smaller  than  the  tarsal  extremities,  are  marked  on  their  sides 
by  depressions  and  tubercles.  Their  articular  surfaces,  smooth  and  convex, 
are  prolonged  on  the  inferior  aspect,  where  they  terminate  in  bifid  margins. 
That  of  the  first  metatarsal  bone  presents  inferiorly  a  ridge  in  the  middle, 
with  grooved  depressions  placed  one  on  each  side  and  corresponding  to  the 
position  of  the  sesamoid  bones. 

THE  PHALANGES. 

The  phalanges  of  the  toes  so  closely  correspond  in  general  conformation 
with  those  of  the  fingers  that  it  will  only  be  necessary  in  this  place  to  state 
the  points  in  which  they  differ  from  the  latter. 

The  phalanges  of  the  four  outer  toes  are  much  smaller  than  the  corres- 
ponding phalanges  of  the  hand  ;  but  those  of  the  great  toe  are  larger  than 
those  of  the  thumb.  The  shafts  of  the  first  row  of  phalanges  in  the  fo\ir 
outer  toes  are  compressed  laterally  and  narrowed  in  the  middle  ;  those  of 
the  second  row,  more  especially  the  fourth  and  fifth,  are  very  short,  and 
consist  of  little  beyond  what  is  necessary  to  unite  their  articular  extremities. 
The  last  two  phalanges  of  the  little  toe  are  in  adults  not  unfrequently 
connected  by  bone  into  one  piece. 

Sesamotd  Bones. — Two  sesamoid  bones  lie  side  by  side  in  the  plantar 
wall  of  the  first  metatarso-phalangeal  joint,  and  glide  in  the  grooves  on  the 
head  of  the  first  metatarsal  bone.  Small  sesamoid  bones  sometimes  occur 
in  the  corresponding  joints  of  the  other  toes. 

THE  BONES  OF  THE  FOOT  AS  A  WHOLE. 

The  foot  is  narrowest  at  the  heel,  and  as  it  passes  forwards  becomes 
broader  as  far  as  the  heads  of  the  metatarsal  bones.  The  posterior  extremity 
of  the  calcaneum  is  inclined  inwards  and  backwards.  The  astragalus, 
overhanging  the  sustentaculum  tali,  inclines  inwards  from  the  calcaneum  so 
much  that  its  external  superior  angle  is  directly  over  the  middle  line  of  the 
calcaneum,  and  hence  the  internal  malleolus  appears  more  prominent  than 
the  external.  The  foot  is  arched  from  behind  forwards,  the  posterior  pier 
of  the  arch  being  formed  by  the  heel,  the  anterior  by  the  balls  of  the  toes. 
The  arch,  indeed,  may  be  considered  as  double  in  front,  with  a  common 
support  behind.  The  internal  division  of  the  arch  is  that  which  bears  the 
greater  part  of  the  weight  of  the  body,  and  is  most  raised  from  the  ground  ; 
it  consists  of  the  calcaneum  in  its  posterior  two  thu  ds,  the  scaphoid  and 
cimeiform  bones,  and  the  three  inner  toes  ;  the  outer  arch  is  formed  by  the 
calcaneum  in  its  whole  length,  the  cuboid  bone,  and  the  fourth  and  fifth 
toes,  a  great  part  of  which  rests  upon  the  ground  in  standing.  Besides  being 
arched  longitudinally,  the  foot  presents  likewise  a  transverse  arch  formed  by 
the  cuboid  and  three  cuneiform  bones  and  the  metatarsal  bones. 

DEVELOPMENT  OF  THE  LOWER  LIMB. 

The  early  stages  of  development  in  the  lower  Umbs  are  similar  to  those  which  have 
been  already  described  in  connexion  with  the  upper.  _  _ 

Ossification— 7V/e  invoininate  hone  is  formed  from  the  three  pnncipal  pieces 
nreviouslv  mentioned,  viz.,  the  ilium,  ischium,  and  os  pubis,  and  various  others  of  an 
Linhvsial  nature  The  deposit  of  bone  commences  in  the  cartilaginous  piece  of  the 
ilium  a  little  later  than  in  other  large  boncR  ;  it  is  followed  by  that  in  the  ischium 
and  still  later  by  that  in  the  pubis.  One  epiphysis  extends  over  the  whole  length  of 
the  crest  of  the  ilium  ;  a  second  covers  the  tuberosity  of  the  ischium,  passing  forwards 


OSSIFICATION  OF  THE  LOWER  LIMB. 


Ill 


over  the  irrcatcrpart  of  the  ramus ;  a  third,  inconstant,  is  placed  on  the  anterior  inferior 
BDine  of  the  ilium  ;  and  a  fourth,  likewise  inconstant,  at  the  symphysis  pubis.  More- 
over between  the  extremities  of  the  three  principal  osseous  pieces,  where  they  meet 
in  the  acetabulum,  there  is  situated  in  early  life  a  thin  stratum  of  cartilage,  which 
becomes  ossified  from  one  or  more  centres,  and  presents  the  shape  of  the  letter  Y. 

Fig.  102. 


Fig.  102. — Ossification  of  the  Os  Innominatum. 

A,  the  condition  of  the  bone  at  birth.  Bone  has  spread  from  three  nuclei  into  the 
ilium,  ischium,  and  pubis,  which  meet  in  the  cartilage  of  the  acetabulum. 

B,  tLe  bone  of  a  child  under  six  years  of  age.  The  rami  of  the  ischium  and  pubis  are 
farther  ossified,  but  still  separate. 

C,  a  bone  of  two  or  three  years  later,  in  which  the  rami  are  united. 

D,  the  bone  of  the  right  side  from  a  person  of  about  twenty  years.  Union  has  taken 
place  in  the  acetabulum,  and  the  additional  epiphyses  are  seen  on  the  crest  of  the  ilium, 
the  anterior  inferior  spine,  the  ischial  tuberosity,  and  the  margin  of  the  symphysis  pubis. 

In  A,  B  and  C,  1,  ilium;  2,  ischium;  3,  pubis;  under  D,  4,  T-shaped  piece  formed  of 
several  fragments  which  begin  to  ossify  about  the  14th  year,  and  often  unite  into  this 
form  before  the  completion  of  the  acetabulum  ;  5,  epiphysis  of  the  crest ;  6,  that  of  the 
tuberosity  of  the  ischium  ;  7,  that  of  the  symphysis  pubis  ;  8,  that  of  the  anterior  inferior 
spine  of  the  ilium. 

The  pelvis  of  the  foetus  and  young  child  is  of  very  small  capacity  proportionally 
to  the  size  of  the  body,  and  those  viscera  which  are  afterwards  contained  for  the 
most  part  in  the  true  pelvis  occupy  a  part  of  the  abdominal  cavity.  The  obliquity  of 
the  pelvis  is  considerably  greater  in  early  life  than  in  the  adult. 

The  femur  is  developed  from  one  principal  ossific  centre  for  the  shaft  and  from 
four  epiphj'ses,  which  appear  in  the  following  order: — a  single  nucleus  for  the  lower 
extremity,  one  for  the  head,  one  for  the  great  trochanter,  and  one  for  the  small ; 
these  epiphyses  become  united  to  the  main  part  of  the  bone  in  an  order  of  time  the 
reverse  of  that  in  which  they  appear. 

The  tibia  and  fibula  each  present,  besides  the  principal  centre  of  ossification  for 
the  shaft,  a  superior  and  an  inferior  epiphysis.  In  the  tibia  the  superior  epiphysis 
appears  first,  and  it  not  only  includes  the  lateral  tuberosities,  but  sends  down  a  pro- 
cess in  front,  extending  into  the  anterior  tuberosity.  In  the  fibula  the  inferior  epi- 
physis is  the  first  to  appear,  and  in  both  bones  the  inferior  epiphyses  are  first  united 
to  the  shaft. 

The  tarsal  bones  are  ossified  each  from  a  single  nucleus,  with  the  exception  of  the 
03  calcis,  which,  in  addition  to  its  principal  osseous  centre,  has  an  epiphysis  incrusting 
the  upper  part  of  its  posterior  extremity. 

The  metatarsal  bones  and  phalanrjes  agree  respectively  with  the  corresponding 
bones  in  the  hand,  in  the  mode  of  their  development.  Each  bone  is  formed  from  a 
principal  piece  and  one  epiphysis ;  and  while  in  the  four  outer  metatarsal  bones  the 
epiphysis  is  at  the  distal  extremity,  in  the  metatarsal  bone  of  the  great  toe  and  in 
the  phalanges  it  is  placed  at  the  proximal  extremity. 
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PERIODS  OF  OSSIFICATION  OF  THE  BONES  OF  THE  LOWER  LIMB. 

Os  Innominatum. 

T  e  c      n  t^'  V}'  ^PP^'^^^  3rd  month. 

and  t  T'^^-'P'.^  f'"'"^"  °f  ^''^  acetabulum  appears  about  puberty  • 

LcfuaMtvnT.^  "^'^^  ^^^^'-^"^  spinous  process 

ischial  tuberosity,  and  symphysis  pubis,  somewhat  later. 

1  e  rami  of  the  pubis  and  ischium  unite  about  the  7th  or  8th  year 

1  le  parts  which  meet  in  the  acetabulum  unite  about  the  16th  or  17th  year 

The  main  bone  and  epiphyses  unite  about  the  25th  year  ^ 


Fig.  103. 


Fig.  103. — Ossification  op  the  Femur. 

A,  femur  of  a  foetus  of  about  eight  months ;  the  body  is  osseous ;  both  ends  are 
cartilaginous. 

B,  femur  of  a  child  at  birth,  showing  a  nucleus  in  the  lower  epiphysis. 

C,  femur  of  a  child  of  about  a  year  old,  showing  a  nucleus  in  the  articular  head. 

D,  femur  of  the  fifth  or  sixth  year.  Ossification  has  extended  from  the  shaft  into  tLe 
neck,  and  a  nucleus  has  appeared  in  the  great  trochanter. 

E,  femur  of  about  the  age  of  puberty,  showing  more  complete  ossification  and  a  nucleus 
in  the  lesser  trochanter. 

1,  shaft ;  2,  lower  extremity  ;  3,  head  ;  4,  great  trochanter  ;  6,  small  trochanter. 


IL  Femur. 

The  nucleus  of  the  shaft  appears  in  the  7th  week. 

The  nucleus  of  the  lower  epiphysis  appears  in  the  9th  month. 

The  nucleus  of  the  head  appears  at  the  end  of  the  Ist  year. 

The  nucleus  of  the  great  trochanter  appears  in  the  4tli  year. 

The  nucleus  of  the  small  trochanter  appears  in  the  13th  or  14th  year. 

The  small  trochanter  and  shaft  unite  about  the  I7th  or  18th  year. 

The  great  trochanter  and  shaft  unite  about  the  18th  year. 

The  head  and  shaft  unite  about  the  18th  or  19th  year. 

The  lower  epiphysis  and  shaft  unite  after  the  20th  year. 


in.  Tihia. 

The  nucleus  of  the  shaft  appears  in  the  7th  week. 

The  upper  epiphysis  appears  sometimes  before,  tometimes  after  birth. 


OSSIFICATION  OF  TIBIA  AND  FIBULA. 
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Fig.  104. 


Fig.  104.  —  OSSIFIOATION  OF  THE  TiBIA. 

A,  tibia  of  a  fcetus  some  weeks  before  birth  ;  the  shaft  is  ossified  ;  the  ends  are 
cartilaginous. 

B,  tibia  of  a  child  at  birth,  showing  the  commencement  of  a  nucleus  iu  the  upper 
epiphysis. 

C,  tibia  of  the  third  year,  showing  the  nucleus  of  the  lower  epiphysis. 

D,  tibia  of  about  eighteen  or  twenty  years,  showing  the  united  condition  of  the  lower 
epiphysis,  while  the  upper  remains  separate.  The  upper  epiphysis  is  seen  to  include  the 
anterior  tuberosity. 

E  shows  an  example  of  a  separate  centre  for  the  anterior  tuberosity. 
1,  shaft ;  2,  superior  epiphysis ;  2*,  separate  centre  for  the  anterior  tuberosity  ;  3, 
inferior  epiphysis. 

Fig.  105. 


Fig.  105.— OSSIB'IOATION  OP  THE  FiBULA. 

A,  fibula  from  a  child  at  birth.    The  shaft  ossified  ;  the  ends  cartilaginous. 

B,  fibula  from  a  child  of  two  years,  showing  a  nucleus  in  the  lower  epiphysis. 

C,  the  bone  of  a  child  of  about  four  years,  showing  the  nucleus  of  the  upper  epiphysis  • 
the  lower  ought  to  have  been  shown  as  more  advanced.  ' 

D,  fibula  of  a  person  of  about  twenty  years,  in  which  the  lower  end  is  complete,  but  the 
upper  epiphysis  is  still  separate. 

1,  shaft ;  2,  lower  epiphysis  ;  .3,  upper  epiphysis. 
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Fig.  106. 


Fig.  106. — Ossification  op  the  Bones  of  the  Foot. 


A,  right  foot  of  a  foetus  of  six  montlis.  The  metatarsal  bones  and  digital  plialanges 
have  each  their  shafts  ossified  from  their  primary  centres ;  the  tarsus  is  wholly  cartila- 
ginous, excepting  the  os  calcis,  in  which  the  nucleus  of  bone  has  just  appeared. 

B,  foot  of  a  foetus  of  from  seven  to  eight  months.  The  astragalus  shows  an  osseous 
nucleus. 

C,  from  a  child  at  birth  ;  the  cuboid  has  begun  to  ossify. 

D,  from  a  child  about  a  year  old,  showing  a  nucleus  begun  in  the  external  cuneiform. 

E,  from  a  child  in  the  third  year;  ossification  has  reached  the  internal  cuneiform. 

F,  from  a  child  between  three  and  four  years  old,  showing  ossification  in  the  middle 
cuneiform  and  scaphoid  bones,  and  in  the  epiphyses  of  the  metatarsal  bones  and  phalanges. 

G,  from  a  person  of  about  the  age  of  puberty.  Ossification  is  nearly  complete  in  the 
tarsal  bones  ;  an  epiphysis  has  been  formed  on  the  tuberosity  of  the  os  calcis,  and  the 
epiphyses  of  the  metatarsal  bones  and  phalanges  are  shown  separate. 

1,  nucleus  of  the  os  calcis  ;  1*  in  G-,  the  epiphysis  of  the  os  calcis  ;  2,  nucleus  of  the 
astragalus  ;  3,  of  the  cuboid  ;  4,  of  the  external  cuneiform  ;  5,  of  the  internal  cuneiform  ; 
6,  of  the  scaphoid  ;  7,  of  the  middle  cuneiform  ;  8,  metatarsal  bones  ;  8*,  distal  epiphyses 
of  the  four  metatarsal  bones  ;  8',  proximal  epiphysis  of  the  first ;  9,  first  range  of  digital 
phalanges  ;  9*,  proximal  epiphyses  of  the  four  outer  of  these  plialanges  ;  9',  that  of  the 
first  phalanx  of  the  great  toe  ;  10,  second  range  of  phalanges  ;  10*,  the  epiphyses  of  these 
phalanges;  10',  epiphysis  of  the  terminal  phalanx  of  the  great  toe;  11,  four  terminal 
phalanges ;  11*  theii-  epiphyses. 
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Tibia  (continued) — 

The  lower  epiphyais  appears  in  the  2nd  year. 

The  lower  epiphysis  and  shaft  unite  in  the  18lh  or  19th  year. 

The  upper  epiphysis  and  shaft  unite  in  the  2l8t  or  22nd  year. 

IV.  Fibula. 

The  nucleus  of  the  shaft  appears  soon  after  that  of  the  tibia. 

The  lower  epiphysis  appears  in  the  2nd  year. 

The  upper  epiphysis  appears  in  the  3rd  or  4th  year. 

The  lower  epiphysis  and  shaft  unite  in  the  21st  year  or  later. 

The  upper  epiphysis  and  shaft  unite  after  union  of  the  lower  epiphysis. 

V.  Patella, 

Ossification  begins  in  the  3rd  year. 

YI.  Tarsus. 

The  nucleus  of  the  os  calcis  appears  in  the  6th  month. 

The  nucleus  of  the  astragalus  appears  in  the  7th  month. 

The  nucleus  of  the  cuboid  bone  appears  at  birth. 

The  nucleus  of  the  external  cuneiform  bone  appears  in  the  Ist  year. 

The  nucleus  of  the  internal  cuneiform  bone  appears  in  the  3rd  year. 

The  nucleus  of  the  middle  cuneiform  bone  appears  in  the  4th  year. 

The  nucleus  of  the  scaphoid  bone  appears  in  the  4th  or  5th  year. 

The  epiphysis  of  the  os  calcis  appears  in  the  10th  year. 

The  epiphysis  of  the  os  calcis  is  united  in  the  15th  or  16th  year. 

VII.  Metatarsm. 

The  nuclei  of  the  shafts  appear  in  the  8th  or  9th  week. 

The  epiphyses  appear  in  the  3rd  to  the  8th  year. 

The  shafts  and  epiphyses  unite  from  the  18th  to  the  20th  year. 

VIII.  Phalanges, 

The  nuclei  of  the  shafts  appear  in  the  9th  or  10th  week. 

The  epiphyses  appear  from  the  8th  to  the  10th  year. 

The  shafts  and  epiphyses  unite  from  the  19th  to  the  21st  year. 

COMPABISON  OF  THE  UPPER  WITH  THE  LOWER  LIMB. 

The  general  resemblance  which  is  manifest  between  the  upper  and  lower  limbs  is 
found,  on  a  closer  inspection,  to  result  from  a  community  of  plan,  which  can  be 
traced  even  into  certain  comparatively  minute  details,  and  is  not  confined  to  any  one 
system.  The  details  of  the  correspondence  in  many  points,  however,  are  still  un- 
determined, and  even  with  regard  to  some  parts  of  the  skeleton,  varieby  of  opinion  still 
exists.  In  the  hand  and  foot  the  correspondence  of  the  bones  is  very  plain.  The 
palmar  and  plantar  aspects  being  regarded  as  similar,  the  great  toe  corresponds 
obviously  to  the  thumb ;  the  four  anterior  tarsal  bones  bear  a  close  resemblance  to  the 
four  inferior  carpal  bones  in  the  particulars  of  their  metatarsal  articulations ;  and 
of  the  remaining  tarsal  bones  the  scaphoid  obviously  corresponds  to  the  bone  of  the 
same  name  in  the  hand,  the  astragalus  to  the  semilunar  bone,  and  the  os  calcis  to 
the  cuneiform  and  pisiform  bones  united.  The  great  difference  in  the  appearance  of 
the  tarsus  from  that  of  the  carpus  depends  principally  on  the  large  development 
of  the  08  calcis  and  astragalus,  by  means  of  which  the  scaphoid  is  thrown  for- 
ward and  inwards,  and  the  aspect  of  the  tarsus  morphologically  posterior,  that  on 
which  the  flexor  tendons  pass  to  the  sole,  is  turned  towards  the  inner  side.  If 
this  be  the  correct  comparison  of  the  bones  of  the  hand  and  foot,  with  regard  to 
which  there  cannot  be  any  doubt,  it  naturally  follows  that  the  tibia,  lying  as  it  does 
on  the  same  side  of  the  limb  as  the  great  toe,  corresponds  with  the  radius  :  a  doctrine 
which,  first  laid  down  by  De  Blainville  and  then  by  Barclay,  has  been  subsequently- 
enunciated  by  Flourens  and  Owen.  Some  anatomists,  however,  struck  by  the  resem- 
blance of  the  patella  to  the  olecranon,  in  position  and  in  giving  attachment  to  an  ex- 
tensor muscle  similar  in  appearance  to  the  triceps  extensor  brachii,  have  taken  a  dif- 
ferent view;  thus,  according  to  Vicq  D'Azyr,  the  tibia  corresponds  with  the  ulna,  while, 
according  to  Bourgery,  Cruveilhicr,  and  Martins,  its  upper  end  corresponds  with  the 
nlna  and  its  lower  end  with  the  radius.    This  latter  hypothesis  must  be  regarded  aa 
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particii  arly  unhappy,  as  it  is  difficult  to  conceive  how  any  substantial  homology,  or  a 
rcscmbliince  other  than  fanciful,  can  be  traced  by  imagining  half  of  a  bone  to  cor- 
respond with  one  structure,  and  the  other  half  with  a  structure  totally  different. 
J^ually  artificial  is  the  propo.sition  of  Vicq  D'Azyr  to  compare  the  upper  limb  of  one 
side  with  the  lower  limb  of  the  other  side  of  the  body.  The  assumed  correspondence 
of  the  olecranon  and  patella,  which  has  led  to  those  theories,  is  not  borne  out  by  a 
comparison  of  the  development  of  the  two  structures.  The  patella  is  formed,  distinct 
from  the  tibia,  as  a  sesamoid  bone  in  a  tendon,  while  the  olecranon  is  mainly  derived 
from  the  principal  centre  of  ossification  of  the  ulna,  and  is  formed  only  in  part  by  the 
superior  epiphysis  of  that  bone.  In  support  of  the  more  probable  view,  that  the  ulna 
corresponds  with  the  fibula,  it  is  to  be  noticed  that  in  the  echidna  the  head  of  the 
fibula  is  prolonged  upwards  into  a  process  which  much  more  closely  corresponds  with 
the  olecranon  than  does  the  patella.  It  may  also  be  observed  that  in  cei-tain  mammals, 
such  as  the  bear  or  other  plantigrades,  in  which  there  is  a  power  of  partial  pronation, 
the  radius  crosses  the  forearm  obliquely,  and  its  upper  end  is  brought  somewhat  in 
front  of  the  ulna ;  while  in  the  greater  number  of  mammals,  in  which  there  is  no 
power  of  pronation  or  supination,  the  radius  is  placed  entirely  to  the  front  and 
internally,  and  the  ulna  is  thrown  to  the  outside  and  behind,  in  the  same  manner  as 
the  fibula  is  to  the  outside  of  and  behind  the  tibia ;  and  the  resemblance  between  the 
respective  bones  in  the  fore  and  hind  limbs  is  made  the  more  striking  that  the  radius 
and  tibia  are  in  these  animals  generally  the  principal  bones,  while  the  ulna  and  fibula 
are  in  many  species  only  partially  developed.  An  examination  of  the  fore  limb  in  a 
series  of  animals  shows  that  the  articulation  of  the  radius  with  a  separate  portion  of 
the  humerus  external  to  that  with  which  the  ulna  articulates  is  quite  exceptional, 
the  most  common  arrangement  being  that  the  ulna  forms  the  posterior  and  the  radius 
the  anterior  part  of  one  great  sigmoid  cavity  similar  to  that  formed  by  the  ulna  in 
the  human  subject.  In  comparing  the  humeral  with  the  femoral  region  it  may  be 
well  to  have  regard  to  the  apparent  twist  inwards  which  is  seen  in  both  femur  and 
humerus,  but  especially  in  the  latter  bone.  This  appearance  of  twisting  is  given 
to  the  humerus  by  the  direction  of  the  musculo-spiral  groove,  and  by  the  obliquity 
in  the  direction  of  all  the  ridges  of  the  bone.  In  the  femur  the  twisted  appearance 
is  very  slight,  and  is  most  obvious  below  and  in  front  of  the  small  trochanter.  In 
the  humerus  the  appearance  of  twisting  is  much  more  marked,  and  is  more  especially 
obvious  at  the  spiral  groove.  If,  while  the  forearm  remains  unmoved,  the  lower  end  of 
the  humerus  were  turned  outwards  a  quarter  of  a  circle,  so  as  to  undo  the  twist  of  the 
bone,  the  inner  condyle  would  then  overhang  the  flexor  aspect  of  the  forearm,  and  the 
outer  condyle  the  extensor  aspect,  and  the  flexor  and  extensor  muscles  would  pass 
directly  downwards  from  the  condyles  to  their  terminations.  Assuming  this  mode  of 
viewing  the  position  of  the  humerus  to  be  correct,  we  may  proceed  to  compare  the  limbs 
by  considering  the  hand  and  foot,  and  also  the  forearm  and  leg,  as  having  their  flexor 
surfaces  directed  towards  the  mesial  plane  of  the  body  (the  position  in  which  they 
are  developed),  while  the  condyles  of  the  humerus  and  femur  continue  to  be  external 
and  internal  in  position,  and  the  anterior  or  flexor  surface  of  the  humerus  corresponds 
with  the  anterior  or  extensor  surface  of  the  femur.  From  this  it  follows  that  one  of 
the  propositions  maintained  by  those  who  regard  the  tibia  and  ulna  as  homologous, 
viz.,  that  the  quadriceps  extensor  femoris  obviously  corresponds  with  the  triceps 
brachialis,  must  be  erroneous,  and  that  the  biceps  femoris  may  more  justly  be  viewed 
as  corresponding  with  the  triceps  brachialis,  while  the  rectus  femoris  is  homologous 
with  the  biceps  of  the  arm,  and  the  vasti  and  crureus  with  the  brachialis  anticus 
muscle,  which  in  some  animals  extends  up  to  the  neck  of  the  humerus ;  so  also  the 
space  between  the  lips  of  the  linea  aspera  of  the  femur  (which  in  most  animals  is 
•  much  broader  than  in  man)  will  correspond  with  the  posterior  surface  of  the  humerus 
below  the  musculo-spiral  groove. 

The  detailed  comparison  of  the  bones  of  the  shoulder  and  pelvis  is  beset  with 
many  difficulties,  and  it  must  therefore  suffice  here  to  remark  that  it  requires  further 
investigation  than  has  been  brought  to  bear  upon  it,  and  simply  to  state  that  while 
the  scapula  obviously  corresponds  with  the  ilium,  the  clavicle  is  generally  regarded 
as  corresponding  with  the  os  pubis,  and  the  coracoid  process  (or  coracoid  bone  of 
birds  and  reptiles)  with  the  ischium.  Humphry,  indeed,  has  put  forward  the  idea 
that  the  upper  and  lower  limbs  ought  to  be  regarded  not  as  lying  in  series  but  as 
facing  one  another,-that  is  to  say,  as  being  related  to  one  another  symmetrically, 
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one  at  the  upper  and  the  other  at  the  lower  end  of  the  trunk,  in  the  .same  way  that 
the  limbs  of  opposite  sides  are  arranged  symmetrically  on  cither  side  of  the  mesial 
plane.  Thus,  in  the  skeleton  of  a  quadruped,  the  scapula  and  humerus  slope  back- 
wards from  the  shoulder-joint,  and  the  ilium  and  femur  slope  forwards  from  the  hip- 
joint  ;  the  prominence  of  the  elbow  looks  backwards,  and  that  of  the  knee  looks 
forwards;  and  hence,  according  to  Humphry,  the  coracoid  and  pubis  and  the  clavicle 
and  ischium  respectively  correspond.  It  will,  however,  suggest  itself  to  the  reader 
from  the  remarks  already  made,  that  there  are  serious  dilliculties  in  the  way  of 
attributing  to  those  appearances,  which  are  only  the  result  of  later  development, 
more  than  a  mere  secondary  importance.  (Copious  reference  to  the  literature  of  this 
subject  is  made  in  the  paper  by  Ch.  Martins  in  the  "  Annales  des  Sciences  Naturelles, 
Zoologie,"  vol.  viii.  1857,  p.  45.  See  aLso  Humphry,  "  On  the  Limbs  of  Vertebrate 
Animals,"  &c.    Cambridge,  1860.) 

RELATIOX  OF  THE  LIMBS  TO  THE  SEGMENTS  OF  THE  TRUNK. 
The  various  anatomists  who  have  written  on  this  subject  agree  in  considering  that 
the  limbs,  in  their  extent  beyond  the  shoulder  and  hip,  are  radiations  from  or  appen- 
dages of  one  or  more  segments  of  the  trunk.  Opinions,  however,  are  much  divided 
with  regard  to  the  nature  of  the  pelvic  and  shoulder  girdles,  and,  in  particular,  it 
has  been  warmly  debated  whether  or  not  they  are  costal  arches.  Owen  holds  the 
opinion  that  they  are  costal,  and  further  considers  that  the  scapula  and  coracoid  process 
form  the  costal  arch  of  the  occipital  vertebra,  with  the  free  part  of  the  limb  as  its 
appendage,  while  the  clavicle  is  derived  from  another  segment;  and  that  in  like 
manner  the  ilium  and  ischium  form  the  costal  arch  of  one  segment  supporting  the 
lower  limb,  and  that  the  pubic  bone  belongs  to  another.  The  circumstance  which  has 
specially  led  to  the  supposition  that  the  upper  limb  and  the  occipital  bone  are  con- 
nected is,  that  the  shoulder  girdle  is  attached  to  the  skull  in  most  osseous  fishes ;  but 
it  may  be  objected  to  this  hypothesis  that  in  the  higher  vertebrata  the  anterior 
extremities  are  developed  from  a  portion  of  the  embryo  considerably  removed  from 
the  skull ;  and  Goodsir  fairly  argues,  from  the  nervous  supply  to  the  limbs,  and  from 
the  limbs  first  appearing  with  the  digits  arranged  in  series  in  the  plane  of  the  lateral 
plates  of  the  embryo,  that  a  limb  is  not  an  appendage  to  a  single  segment  of  the 
trunk,  but  belongs  to  several  segments.  (Owen,  "  On  the  Nature  of  Limbs ;  " 
Goodsir,  "  On  the  Morphological  Constitution  of  Limbs,"  Edinb.  New.  Fhil.  Joarn,, 
Jan.,  1857.) 

THE  SKELETON  ADAPTED  TO  THE  ERECT  POSTURE, 

Throughout  the  whole  of  the  human  frame  numerous  peculiarities  in  the  form  and 
proportion  of  parts  exist,  connected  with  the  assumption  of  the  erect  posture.  The 
most  striking  of  the  structural  peculiarities  related  to  this  circumstance  are  seen  in 
the  skeleton,  and  they  are  equally  apparent  in  the  head,  trunk,  and  limbs.  The  body 
of  man,  unlike  that  of  animals,  is,  for  the  purposes  of  station  and  progression,  balanced 
on  one  or  both  pelvic  limbs,  which  are  extended  to  a  straight  line  at  the  knee-joint. 
The  lower  limb  is  remarkable  for  its  length  and  strength.  The  foot  of  man  alone  has  an 
arched  instep,  and  it  likewise  presents  a  great  breadth  of  sole.  The  great  toe  is  distin- 
guished by  its  large  development,  and  especially  from  that  of  the  quadrumana,  by  its 
want  of  opposability,  being  formed  not  for  grasping  but  for  supporting  the  weight  of 
the  body  and  giving  spring  to  the  step.  The  femur  is  greatly  elongated,  its  lengtli 
exceedmg  considerably  that  of  the  tibia.  This  length  of  femur  is  not  only  requisite 
in  order  to  give  a  sufficient  extent  of  stride,  but  also  to  enable  the  body  to  be 
balanced  in  different  degrees  and  varieties  of  stooping.  Thus,  for  example  in  a 
crouching  attitude,  with  the  feet  placed  side  by  side,  it  is  necessary  in  order  to 
balance  the  fore  part  of  the  body  that  the  pelvis  should  be  brought  back  behind  the 
perpendicular  rising  from  the  balls  of  the  toes  on  which  the  weight  is  rested  -  and 
in  order  to  accomplish  this,  if  there  be  a  long  tibia  directed  forwards  from  the  ankle 
there  must  be  a  femur  of  still  greater  length  directed  backwards  from  the  knee.  The 
breadth  of  the  pelvis,  in  like  manner,  in  lateral  movements  of  the  body,  enables  the 
balance  to  be  more  easily  maintained  by  compensating  inclinations  of  different  parts  to 
oppo«te  sides  of  the  base  of  support,  and  the  long  neck  of  the  femur  gives  an  advan- 
tageous insertion  to  the  muscles  by  which  the  balance  of  the  body  on  the  thigh  isprin 
cipally  preserved  (viz.,  the  adductor  and  gluteal  muscles),  placing  them  more  nearly  at 
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right  angles  to  the  bones  on  which  they  act.  Tlie  os  innorainatum  is  principally  dis- 
tinguished from  the  same  bone  in  animals  by  the  breadth  of  the  iliac  portion,  wliich 
gives  support  to  the  viscera  and  attachment  to  the  greatly  developed  gluteal  muscles, 
by  the  shortness  and  strength  of  the  pillar  of  bone  extending  from  the  auricular 
surface  to  the  acetabulum,  and  by  the  marked  nature  of  the  angle  which  the  pubic 
part  forms  with  the  iliac,  as  it  passes  inwards  from  the  acetabulum  to  the  symphysis, 
and  thus  completes  the  peculiarly  broad  pelvis.  The  strong  and  expanded  sacrum 
supports  the  spinal  column,  while  the  short  coccyx  is  bent  forwards  and  aids  in 
forming  the  floor  of  the  pelvic  cavity.  The  spinal  column,  by  its  pyramidal  form, 
IS  fitted  to  sustain  the  weight  which  bears  down  upon  its  lower  part,  and  by  means 
of  its  different  curvatures  gives  elasticity  and  strength,  and  allows  considerable 
range  of  motion  to  the  trunk  without  removal  of  the  centre  of  gravity  from  within 
its  base.  The  thorax  is  so  formed  as  to  bring  the  weight  of  its  contents  very  much 
over  and  to  the  sides  of  the  bodies  of  the  vertebrae  rather  than  in  front.  Thus, 
the  thorax  is  broad  from  side  to  side,  and  compressed  from  before  backwards ;  the 
transverse  processes  and  proximal  parts  of  the  ribs  are  inclined  backwards,  so  as 
to  enlarge  the  chest  behind  the  transverse  plane  of  the  bodies  of  the  vertebrae, 
and  the  axis  of  the  cavity  is  directed  upwards  and  backwards,  so  that  its  contents 
may  thus  be  supported  on  the  column  in  the  erect  posture.  The  upper  limbs  are 
also  thrown  outwards  and  backwards  by  the  long  clavicles  which  support  them 
and  form  the  fulcra  of  their  free  movements.  The  blades  of  the  scapulse  are 
thus  made  to  lie  more  nearly  in  one  transverse  plane,  with  the  glenoid  fossae  looking 
outwards,  a  position  manifestly  unsuited  to  the  support  of  the  weight  of  the  body  on 
the  limb.  In  those  animals  which  habitually  use  their  fore  limbs  for  support,  the 
glenoid  fossae  look  downwards,  and  rest  on  the  humeri ;  but  if  the  human  body  be 
placed  so  as  to  be  rested  on  the  hands,  the  glenoid  cavity  lies  on  the  inside  of  the 
head  of  the  humerus,  and  the  scapula  is  supported  upon  the  humerus  by  the  acromion 
process.  While  stability  and  strength  have  been  provided  in  the  lower  limb,  mobility 
and  lightness  have  been  secured  in  the  upper.  This  is  apparent  on  comparison  of 
the  shoulder,  elbow,  and  wrist,  with  the  hip,  knee,  and  ankle.  In  the  hand  also, 
the  movable  phalanges  are  as  long  as  the  carpal  and  metacarpal  bones  taken  together, 
whereas  in  the  foot  they  are  not  a  third  of  the  length  of  the  tarsal  and  metatarsal 
bones.  The  skull  of  man  differs  from  that  of  animals  in  being  nearly  balanced  on 
the  vertebral  column,  the  condyles  of  the  occipital  bone  being  brought  forwards 
towards  the  middle  of  the  base,  by  the  comparative  shortness  of  that  part  of  the  skull 
which  lies  in  front  of  the  foramen  magnum,  and  the  projection  backwards  of  that 
which  lies  behind  it.  In  animals  the  skull  hangs  forwards,  as  it  were,  from  the 
extremity  of  the  column,  and  is  sustained  by  an  elastic  substance  (ligamentum 
nuchse),  which  is  attached  on  the  one  hand  to  the  spinous  processes  of  the  vertebrae, 
and  on  the  other  to  the  occipital  protuberance. 


Section  II.— AETHROLOGY. 

MODES  OF  ARTICULATION". 

The  name  of  articulation,  synonymous  with  joint,  is  given  in  descriptive 
r  anatomy  to  the  connection  subsisting  in  the  recent  skeleton  between  any  of 
its  denser  component  parts,  whether  bones  or  cartilages.  Tn  all  instances, 
excepting  the  bones  of  the  head,  which  are  so  closely  set  together  in  the 
sutures  as  to  have  no  more  than  the  fibrous  periosteum  between  them, 
some  softer  intervening  substance  lies  between  the  bones,  uniting  them 
together,  or  clothing  the  surfaces  which  are  opposed;  but  the  manner 
in  which  the  several  pieces  of  the  skeleton  are  thus  connected,  or  the 
modes  of  articulation,  vary  to  a  great  degree  both  in  the  form  and  nature 
of  the  uniting  substances  and  in  the  extent  of  motion  which  they  aUow 
between  the  bones.  In  some  instances,  as  in  that  of  the  cranial  bones 
already  referred  to,  the  closeness  of  the  apposition,  the  unevenuess  of  the 
fitting  surfaces  or  edges,  and  the  small  amount  and  dense  nature  of  the 
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intervening  substance,  are  such  as  to  admit  of  little  or  no  perceptible 
motion.  In  other  instances  the  extremities  of  the  bones  are  placed  at  such 
a  distance,  and  the  intervening  substance  (ligament  or  cartilage)  possesses  so 
much  of  a  yielding  quality,  that  bending  or  other  motions  may  take  place, 
even  while  the  bones  are  thus  mediately  but  continuously  united.  But  in 
the  greater  number  of  the  connections  between  the  bones,  and  in  those 
which  may  be  regarded  as  more  properly  deserving  the  name  of  joints,  the 
apposed  surfaces  of  bone  are  not  united  either  directly  or  mediately  with 
each  other,  but  are  free  by  solution  of  continuity,  and  are  covered  with 
plates  of  smooth  cartilage,  the  surfaces  of  which  fit  accurately  together, 
and  the  bones  are  held  together  by  ligamentous  structures  placed  in  the 
vicinity  of  the  joints.  In  such  articulations  the  bones  are  capable  of  gliding 
or  moving  upon  each  other  in  various  extent  and  directions,  according  to 
the  shape  of  the  opposed  cartilaginous  surfaces,  and  the  form  and  attach- 
ments of  the  ligamentous  and  other  bands  which  unite  them.  It  is  upon 
distinctions  such  as  those  now  adverted  to  that  the  various  kinds  of  joints  or 
articulations  have  been  brought  imder  the  three  classes  of  Synarthrosis^ 
Amphiarthrosis,  and  Diarthrosis. 

SynaHlirosis  means  direct  or  immediate  union,  and  comprehends  the 
joints  with  little  or  no  motion.  It  is  found  chiefly  in  various  forms  of 
suture  by  which  the  bones  of  the  head,  excepting  the  lower  jaw,  are 
united.  The  suture,  properly  so  called,  is  serrated  or  dentated  when  the 
contiguous  margins  of  the  bones  are  subdivided  or  broken  up  into  projecting 
points  and  recesses  by  which  they  fit  very  closely  to  one  another,  as  in  the 
borders  of  most  of  the  tabular  bones  of  the  cranium.  The  squamous  or  scaly 
suture  is  that  in  which,  as  in  the  union  of  the  temporal  with  the  parietal 
bone,  the  edges  are  thinned  and  bevelled,  so  that  one  overlaps  the  other 
to  a  considerable  extent. 

The  term  harmonia  has  been  employed  to  denote  simple  apposition  of  compara- 
tively smooth  surfaces  or  edges,  as  in  the  case  of  the  two  superior  maxillary  bones  ; 
and  the  term  scliindyletsis  has  been  used  to  express  that  kind  of  union  in  which  one 
bone  is  received  into  a  groove  in  another,  as  occurs  between  the  rostrum  of  the 
sphenoid  bone  and  the  vomer.  The  impaction  of  the  roots  of  the  teeth  in  their 
sockets  has  likewise  been  reckoned  among  the  articulations,  though  Avith  doubtful 
propriety,  and  has  been  designated  by  the  term  gomphosis. 

Amphiarthrosis  means  the  mixed  articulation,  or  that  in  which  there  is 
mediate  union  by  some  intervening  substance,  with  partial  mobility.  The 
articulations  between  the  bodies  of  the  vertebrae,  that  between  the  two  ossa 
pubis  at  the  symphysis,  and  that  between  the  two  first  pieces  of  the  sternum, 
may  be  taken  as  examples  of  this  mode  of  connection.  Some  of  the  joints 
of  this  kind  pass  on  the  one  hand  into  synarthrosis,  and  on  the  other  into 
diarthrosis. 

Diarthrosis  includes  the  complete  joints  with  separate  surfaces  of  the  bones 
and  synovial  cavities,  and  is  attended  with  considerable  yet  varying  degrees 
of  mobility.  In  this  form  of  joint,  plates  of  cartilage  cover  the  articular  parts 
of  the  bones  and  present  within  the  joint  free  surfaces  of  remarkable  smooth- 
ness, and  these  surfaces  are  further  lubricated  by  the  synovial  fluid  secreted 
from  the  delicate  membrane  which  lines  the  fibrous  coverings  and  all  other 
parts  of  the  articulating  cavity  except  the  cartilage.  This  membrane  is  con- 
tinuous with  the  margin  of  the  articular  cartilages,  and  along  with  the 
cartilages  completely  encloses  the  joint  cavity.  The  bonos  are  further  held 
together  by  fibrous  tissue  in  the  various  forms  of  ligaments,  such  as  mem- 
branous capsules,  flat  bands,  or  rounded  cords.    These  ligaments,  it  is  true 
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are  not  so  tight  as  to  maintain  the  bones  in  close  contact  in  all  positions  of 
tne  joint  but  are  rather  tightened  in  some  positions  and  relaxed  in  others, 
so  that  they  may  be  looked  upon  chiefly  as  controllers  of  the  motions.  The 
bones  are  likewise  held  together  in  diarthrodial  joints,  by  atmospheric 
pressure,  and  by  the  surrounding  muscles. 

MOTIONS  OF  THE  BONES  IN  THE  JOINTS. 

^  The  various  movements  of  the  bones  on  one  another  in  the  joints  are  dis- 
tmguished  by  diflerent  terms  according  to  their  directions,  viz.,  angular 
movement,  circumduction,  rotation,  and  shifting  ;  but  it  is  proper  to  remark 
that  although  different  kinds  of  motion,  answering  to  these  several  terms, 
may  readily  be  recognised,  yet  there  are  few  of  the  motions  which  occur  in 
the  joints  which  are  of  one  sort  only,  but  rather  several  kinds  of  movement 
are  frequently  combined  in  one,  and  they  also  run  into  one  another  in  great 
variety. 

Angular  movement,  or  opposition,  is  movement  in  such  a  manner  as  to 
increase  or  diminish  the  angle  between  two  bones,  so  that  they  shall  lie  more 
or  less  nearly  in  a  straight  line.  The  different  kinds  of  angular  movement 
are  designated  by  different  terms  according  to  the  directions  in  which  they 
take  place  with  reference  to  the  limb  or  body  :  thus,  flexion  and  extension 
indicate  angular  movements,  which  have  the  effect  of  bending  or  straightening 
parts  upon  one  another  or  upon  the  trunk  of  the  body  ;  adduction  and  abduc- 
tion indicate  angular  movement  to  and  from  the  mesial  plane  of  the  body, 
or,  when  fingers  and  toes  are  referred  to,  these  terms  may  be  used  to  denote 
movement  to  and  from  the  middle  line  of  the  hand  or  foot. 

Circumduction  is  the  movement  performed  when  the  shaft  of  a  long  bone 
or  a  part  of  a  limb  describes  a  cone,  the  apex  of  which  is  placed  in  the  joint 
at  or  near  one  extremity  of  the  bone,  while  the  sides  and  base  of  the  cone 
are  described  by  the  rest  of  the  moving  part. 

notation  signifies  movement  of  a  bone  round  its  axis  without  any  great 
change  of  situation. 

Shifting  is  a  term  which  may.  be  applied  to  that  kind  of  movement  in 
.  which  the  surfaces  of  adjacent  bones  are  displaced  without  any  accompanying 
angular  or  rotatory  motion,  as  in  the  sliding  of  flat  surfaces  over  each 
other,  such  as  in  some  of  the  carpal  and  tarsal  articulations,  or  in  the  move- 
ment of  advance  and  retreat  of  the  lower  jaw. 

The  term  gingJymus  is  used  to  distinguish  a  hinge  joint,  or  one  which  admits  only 
of  flexion  and  extension.  Enartlirosis  (Cruveilhier)  is  the  ball-and-socket  form  of 
joint,  like  the  shoulder  and  hip,  allowing  motion  in  every  direction.  Artlirodia 
is  employed  by  Winslow  and  Cruveilhier  to  signify  a  joint  admitting  of  very  little 
movement. 

In  the  preceding  paragraphs  attention  has  been  called  only  to  the  directions  of  the 
movements  of  the  parts  united  in  the  joints,  hut  the  movements  of  opposed  articular 
surfaces  relatively  one  to  another  are  likewise  worthy  of  notice. 

In  the  movements  of  the  joints,  when  occurring  between  separate  opposed 
surfaces,  there  is  generally  more  or  less  of  a  gliding  motion  of  one  surface  on  the 
other ;  but  it  is  to  be  observed  that  in  some  joints  a  small  amount  of  motion  may  be 
produced  without  gliding,  by  the  alternate  contact  and  separation  of  different  parts 
of  the  opposed  surfaces,  to  which  the  name  of  coaptation  (Goodsir)  has  been  applied  ; 
and  that  in  other  joints  the  articular  surface  of  one  bone  may  travel  over  that  of 
another,  so  as  to  bring  different  parts  of  the  surfaces  successively  into  contact,  in  the 
manner  of  a  wheel  rolling  on  the  ground,  with  or  without  this  change  of  place  being 
accompanied  by  gliding  motion.  re 

In  the  various  joints  provided  with  synovial  cavities,  the  cartilaginous  surface  o 
the  bones  are  so  formed  as  usually  to  be  in  close  apposition  or  contact ;  but  it  would 
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appear  that  in  certain  positions  they  are  not  entirely  so,  and  it  can  scarcely  be 
doubted  that  when  the  surfaces  are  separated  to  any  extent,  doublings  of  the  synovial 
membrane,  or  fatty  processes  connected  with  it  and  placed  in  the  immediate 
vicinity  of' the  joint,  contribute  to  fill  up  the  vacuity.  There  are  even  instances  in 
■which  it  would  appear  that  the  separation  of  the  surfaces  must  be  considerable,  as  ia 
the  case  of  the  patella,  more  especially  in  complete  extension  of  the  knee, 

ARTICXJLATIONS  OF  THE  TRUNK  AND  HEAD. 

ARTICULATIONS  OF  THE  VERTEBRAL  COLUMN. 

The  movable  vertebr£e  are  connected  together  by  elastic  discs  interposed 
between  the  bodies ;  by  syjiovial  joints  between  the  articulating  processes  ; 
and  by  hgameuts. 


Fig.  107. — A  Lumbar  Vertebra,  seen  from 

ABOVE,   WITH  PART  OP  TUB  InTERVERTEBRAI. 

Disc  adhering  to  the  bout,  i 


..Fig.  107. 


1,  1,  the  concentric  arrangement  of  the  fibrous 
laminoB  ;  2,  the  central  soft  cartilaginous  or 
gelatinous  substance. 


The  intervertebral  discs  are  plates  of 
composite  structure  placed  one  between 
the  bodies  of  each  pair  of  vertebrae  from 
the  axis  to  the  base  of  the  sacrum.  Each 
is  composed  of  a  laminar  part  externally, 
and  of  a  pulpy  substance  in  the  centre. 

The  laminar  part  forms  more  than 
half  of  the  mass,  and  consists  of  con- 
centric laminae  of  fibro-cartilage  and  fibrous ,  tissue  alternating  one  with 
another.  These  laminae  are  not  quite  vertical,  for  if  a  vertical  section  of  a 
disc  be  made,  a  certain  number  of  the  layers  nearest  to  the  circumference  of 
the  disc  will  be  seen  bulging  outwards,  while  others  situated  more  deeply 
and  less  closely  compacted  together  are  convex  towards  the  centre  ;  and 


Fig.  108. 


Fig.  108. — Verticai,  Antero- 
posterior SkOTION  TUROnOH 
TWO  LUiMBAR  VerTEBRJE,  SHOW- 
ing the  ariianoement  op  the 
Intervertebral  Disc.  | 

1,  1,  the  fibrous  oblique  bands, 
■which  are  curved  outwards;  2, 
those  which  are  curved  inwards  ; 
3,  the  central  soft  carlilaginous  or 
gelatinous  .substance  :  the  capsule 
of  the  joint  between  the  articular 
processes  is  represented. 


when  the  spine  is  bent  in 
any  direction,  the  curves  of 
the  different  layers  are  aug- 
mented on  the  side  towards  which  the  column  is  inclined.      The  in- 
dividual layers  consist  chiefly  of  fibres  extending  obliquely  between  the 
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vertebro9  _and  firmly  attached  to  both  ;  the  direction  of  the  obliquity  being 
reversed  m  each  successive  layer,  in  one  stretching  downwards  from  right  to 
left,  and  m  the  next  from  left  to  right.  Some  of  the  fibres  also  are  nearly 
horizontal.  The  central  part  of  the  fibro-cartilage  is  a  pulpy  and  elastic 
material  which,  when  the  pressure  which  confines  it  is  taken  off  by  cutting 
through  the  intervertebral  substance,  rises  up  so  as  to  assume  a  conical  form. 
It  is  then  seen  to  be  of  a  lobate  structure,  and,  examined  under  the  micro- 
scope, exhibits  a  finely  fibrous  and  homogeneous  matrix,  with  numerous 
spherical  and  elliptical  cells,  some  of  them  resembling  cartilage-corpuscles, 
others  larger  and  of  various  appearance. 

It  is  now  generally  admitted  that  the  pnlp  of  the  intervertebral  disc  is  a  persistent 
part  of  the  chorda  dorsalis;  homologous,  therefore,  with  those  larger  vestiges  of  the 
chorda  dorsalis  which  occupy  the  biconical  cavities  between  the  bodies  of  the  vertebraj 
in  fishes.  According  to  Luschka,  there  is  present  in  each  disc  a  synovial  cavity,  and 
the  lobes  of  the  pulp  are  synovial  villi,  similar  to  those  which  are  to  be  found  in  the 
knee  and  shoulder  joints,  but  of  larger  size,  and  occupying  the  whole  cavity  ;  and  it 
is  worthy  of  notice  that  in  like  manner  secondary  cavities,  developed  within  the 
chorda  dorsalis,  are  found  in  the  intervertebral  substance  in  many  fishes.  The  same 
writer  describes  small  synovial  sacs,  in  the  cervical  region,  in  those  parts  of  the  discs 
which  are  attached  to  the  lateral  elevations  of  the  bodies  of  the  vertebrEe.  Occasionally 
the  pulp  of  the  discs  projects  backwards,  through  the  surrounding  laminae,  so  as  to 
form  a  slight  projection  into  the  spinal  canal.  (Luschka,  "Die  Halbgelenke  des 
Menschlichen  Kbrper's,"  Berlin,  18£8,  p.  84.) 

A  thin  cartilaginous  layer,  incomplete  towards  the  circumference,  covers 
the  surfaces  of  the  vertebrse  and  gives  attachment  to  the  discs.  Ex- 
cluding from  consideration  the  first  two  vertebrse,  between  which  it  does  not 
exist,  the  intervertebral  material  forms  in  length  about  a  fourth  of  the  movable 
part  of  the  column.  The  dorsal  part  of  the  column  has,  comparatively  with 
the  length,  a  much  smaller  proportion  than  the  cervical  or  lumbar  parts. 

The  discs  in  the  cervical  and  lumbar  regions  are  thicker  in  front  than  behind,  and 
it  has  been  determined  that  the  convexity  of  those  portions  of  the  column  is  due  to 
them  much  more  than  to  the  bodies  of  the  vertebrae,  while  the  arching  of  the  dorsal 
portion,  on  the  contraiy,  is  rather  owing  to  the  shape  of  the  bones.  (W.  and  E. 
Weber,  "  Mechanik  der  menschl.  Gehwerkzeuge,"  p.  90,  et  seq.,  Gottingen,  1836.) 

The  anterior  common  ligament  is  a  strong  band  of  fibres,  which  is  placed 
on  the  front  of  the  bodies  of  the  vertebrse,  and  reaches  from  the  atlas  to  the 
first  bone  of  the  sacrum,  becoming  broader  as  it  descends.  It  consists  of 
longitudinal  fibres  which  are  dense,  firm,  and  well  marked.  The  superficial 
fibres  extend  from  a  given  vertebra  to  the  fourth  or  fifth  below  it ;  the  fibres 
subjacent  to  these  pass  over  the  bodies  of  several  vertebrse  ;  whilst  the 
deeper  ones  pass  only  between  adjacent  vertebrse.  The  band  is  thicker 
towards  the  middle  of  the  bodies  of  the  vertebrse  than  at  their  margins,  or 
over  the  intervertebral  cartilages  ;  by  which  means  the  transverse  depressions 
of  the  bodies  are  filled  up,  and  the  surface  of  the  column  rendered  more 
even.  The  fibres  adhere  more  closely  to  the  margins  of  the  bones  than  to 
the  middle  of  their  bodies,  and  still  more  closely  to  the  intervertebral  carti- 
lages. Upon  the  sides  of  the  bodies  there  are  some  fibres  which  are  thin 
and  scattered,  and  reach  from  one  bone  to  another. 

The  posterior  common  ligament  is  situated  within  the  spinal  canal,  and  is 
attached  to  the  posterior  surface  of  the  bodies  of  the  vertebrae  ;  it  extends 
from  the  occiput  to  the  sacrum.    It  is  smooth,  shining,  and  broader  at  the 
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upper  than  at  the  lower  part  of  the  spine.  In  the  neck  it  extends  quite 
across  the  bocUes,  but  in  the  back  and  loins  it  is  broader  opposite  the  luter- 

Fig.  109.— View  op  a  part  op  thh 
Vertbbkal  Column,  iNOLuniNa  tub 
5tu,  6Tn,  7th,  8tu,  and  Otd 
Dorsal  Vertebr.e,  with  a  tarx 
OP  the  6th,  7tu,  and  Sth  Ribs, 

FKOM  THE  bight  SIDE  AND  FRONT.  J 

The  5th  and  9th  ribs  have  been 
removed  so  as  to  show  the  articular 
surfaces  of  the  vertcbrte  corresponding 
to  them  ;  I  to  2,  the  anterior  common 
ligament  of  the  bodies  of  the  vertebrae ; 
at  X  X  ,  a  portion  of  the  ligament  is 
removed  so  as  to  expose  the  inter- 
vertebral plate  between  the  8th  and 
9th  vei-tebras,  in  which  the  diagonal 
fibres  of  the  external  ligamentous 
plates  are  represented.  (The  further 
description  of  this  figure  will  be  found 
at  p.  129.) 

vertebral  cartilages  than  at  the 
middle  bodies,  so  that  its  mar- 
gins present  a  series  of  points 
or  dentations  with  intervening 
concave  spaces.  It  adheres  firmly 
to  the  fibro-cartilages  and  to  the 
contiguous  margins  of  the  bodies 
of  the  vei-tebrjje,  but  it  is  sepa- 
rated from  the  middle  of  the 

bodies  by  the  transverse  parts  of  the  large  venous  plexus,  which  is  in  con- 
tact with  the  bones.  Between  the  ligament  and  the  prolongation  of  the  diira 
mater  which  lines  the  canal,  some  loose  connective  tissue  is  interposed. 


Fig.  110. 


Fig.  110. — The  Bodies  of  three  Lumbar  Vertbbrjs,  seen  from 

BEHIND,  with  THE  POSTERIOR  CoMMON  LiaAMENT.  ^ 

The  arches  have  been  removed  by  cutting  through  the  pedicles. 
The  contraction  of  the  posterior  common  ligament  opposite  the 
middle  of  each  body,  and  its  greater  width  and  attachments  opposite 
the  intervertebral  discs,  are  represented. 


The  joints  of  the  articulating  processes  present  each  a 
synovial  cavity  surrounded  by  an  irregular  fibrous  capsule. 
The  fibrous  bands  of  these  capsules  are  longer  and  looser 
in  the  cervical  than  in  the  dorsal  and  lumbar  regions. 

The  ligamenta  suhflava  are  ligaments  consisting  of 
yellow  elastic  tissue,  which  connect  the  laminte  of  the 
vertebrse.  Their  fibres  are  nearly  vertical,  and  are  at- 
tached superiorly  to  the  anterior  surface  of  the  lamina,  a  little  above  the 
inferior  margin,  and  iiiferiorly  to  the  upper  margin  and  part  of  the  posterior 
surface  of  the  lamina  beneath.  They  are  most  distinctly  seen  when  the 
arches  are  detached  from  the  bodies  of  the  vertebrtx),  and  they  are  viewed 
from  the  front.  Posteriorly  they  appear  short,  or  in  the  dorsal  region  are 
concealed,  being  overlaid  by  the  prominent  inferior  margins  of  the  laminaj 
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and  the  roots  of  tlio  spines.  Their  outer  margins  are  close  to  the  articu- 
lating processes  ;  their  inner  margins  lie  in  contact  in  the  middle  line,  and 
in  that  situation  the  ligaments  are  thickest 


Fig.  112. 


Fig.  111. — The  Aiioiies  of  three  Dorsal  Ver- 

TEDUiE,  SHEN  FROM  BEFORE,  TO  SHOW  THE  LlQA- 
MENTA  SOBFLAVA.  ^ 

The  bodies  of  the  vertebrse  have  been  removed  by 
sawing  through  the  pedicles,  showing  the  articular 
capsules  and  the  ligaoienta  subflava. 

The  ligamenta  subflava  do  not  exist  be- 
tween the  occiput  and  the  atlas,  nor  between 
the  latter  and  the  axis ;  common  fibrous 
membrane  supplies  their  place  in  these  two 
spaces,  constituting  posterior  occipito-atlantal 
and  atlanto-axial  ligaments. 

The  interspinous  ligaments,  thin  and 
rather  membranous,  have  an  attachment 
extending  from  the  root  to  near  the 
summit  of  each  spinous  process,  aud 
connect  the  inferior  border  of  one  with 
the  superior  border  of  that  next  below 
it.  They  are  best  seen  in  the  lumbar 
region,  and  are  least  developed  in  the 
neck. 

The  supraspinous  ligaments  consist  of 
small  compressed  bundles  of  longitudinal 
fibres,  which  connect  the  summits  of  the 

Fig.  112. — Antero-Posterior  Vertical  Sec- 
tion OP  the  upper  part  op  the  Vertebral 
Column,  and  part  op  the  Occipital  Bone, 
SHOWING  THE  ARTICULATIONS  (after  Amold). 

1,  1,  anterior  common  ligament  of  the  bodies 
of  the  vertebrse  ;  1',  anterior  atlanto-occipital 
ligament  ;  2,  from  this  figure  upwards  the 
posterior  common  ligament  of  the  bodies  ;  2', 
the  continuation  of  the  preceding  and  the  appa- 
ratus ligamentosus  lying  on  the  basilar  process 
of  the  occipital  bone  ;  3,  3,  3,  these  figures  are 
placed  on  the  inside  of  the  arches  of  the  2nd 
and  7th  cervical  and  6th  dorsal  vertebrae  ;  the 
ligamenta  subflava  are  to  be  seen  stretching 
between  the  laminse ;  4,  4,  placed  upon  two  of 
the  interspinous  ligaments  ;  4',  divided  edge  of 
the  occipital  bone  behind  the  foramen  magnum, 
and  below  it,  the  posterior  occipito-atlantal 
ligament  and  ligaments  of  the  arches  ;  5,  5, 
supraspinous  ligaments  ;  6,  ligamentum  nuchaa  ; 
X  ,  its  upper  extremity  at  the  occipitiil  tube- 
rosity ;  X  X  ,  its  lower  extremity  terminating 
in  the  supraspinous  ligaments  of  the  upper 
dorsal  vertebras. 

spinous  processes,  and  form  a  continuous 
chain  from  the  seventh  cervical  vertebra  to  the  spine  of  the  sacrum.  Tlie 
posterior  fibres  pass  down  from  a  given  vertebra  to  the  thii-d  or  fourth 
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below  it  ;  those  more  deeply  seated  reach  only  from  one  to  the  next,  or  the' 
second  below  it. 

The  I'ujamentum  nuchce  is  the  continuation  upwards  of  the  supraspinous 
ligament.  It  is,  in  the  human  subject,  a  thin  intermuscular  septum  of 
elastic  and  white  fibrous  tissue,  the  most  superficial  part  of  which  extends 
from  the  spine  of  the  seventh  cervical  vertebra  to  the  occipital  protuberance, 
while  the  deeper  fibres,  springing  from  the  same  origin,  pass  to  the  occipital 
spine,  and  the  spines  of  the  six  upper  vertebrre.  It  derives  importance  as 
the  representative  of  a  strong  elastic  structure  in  other  animals. 

The  intertransverse  ligaments  are  unimportant  bands  extending  between 
the  transverse  processes.  In  the  lumbar  region  they  are  membranous,  in  the 
dorsal  region  they  are  rounded  bundles  intimately  connected  with  the 
muscles  of  the  back  ;  and  in  the  neck  they  are  usually  reduced  to  a  few 
irregular  fibres,  which  may  in  some  instances  be  wanting. 

Movements. — The  movement  of  flexion  and  extension  of  the  vertebral  column  is 
freely  allowed  in  the  cervical  and  lumbar  regions,  but  in  the  dorsal  is  limited  by  tlie 
small  amount  of  intervertebral  substance  and  the  imbrication  of  the  laminae.  The 
greatest  beading  backwards  is  permitted  in  the  cervical,  the  greatest  bending 
forwards  in  the  lumbar  region,  especially  between  the  fourth  and  fifth  lumbar 
vertebrae.  Movements  in  other  directions  are  limited  chiefly  by  the  articulating 
processes.  In  the  dorsal  region  the  articulating  surfaces  of  each  vertebra  lie  in  the  arc 
of  a  circle  whose  centre  is  in  front  of  the  vertebra,  and  round  this  centre  a  consider- 
able degree  of  rotation  is  permitted.  In  the  lumbar  region,  the  centre  of  the  circle 
in  which  the  articular  surfaces  lie  being  placed  behind,  rotation  would  involve  an 
amount  of  motion  between  the  bodies  of  the  vertebree  that  is  impossible ;  the  articu- 
lating processes,  however,  fit  sufficiently  loosely  to  permit  of  lateral  flexion,  and  by 
combination  of  this  with  antero-posterior  flexion,  some  degree  of  circumduction  is 
produced.  The  articulating  surfaces  of  the  cervical  vertebrae,  being  oblique  and 
placed  in  nearly  the  same  transverse  plane,  allow  neither  pure  rotation  nor  pure 
lateral  flexion.  They  permit,  besides  forward  and  backward  motion,  only  one  other, 
which  is  rotatory  round  an  oblique  axis — the  inferior  articulating  process  of  one  side 
gliding  upwards  and  forwards  on  the  opposing  surface,  and  that  of  the  other  side 
gliding  downwards  and  backwards,  by  which  a  combination  of  lateral  flexion  and 
rotation  is  obtained.  The  reader  who  may  wish  to  pursue  more  minutely  the  study 
of  the  movements  of  the  joints  may  consult  the  work  of  W.  and  E.  Weber  already 
cited ;  H.  Meyer,  "  Handbuch  der  Physiol.  Anat.;"  and  Henke, "  Handbuch  der  Anat. 
und  Mech.  der  Gelenke,"  1864. 


ARTICULATIONS  OF  THE  ATLAS,  AXIS,   AND  OOCIPITAL  BONE. 

The  atlas,  axis,  and  occipital  bone  are  connected  by  articular  surfaces  and 
ligaments,  without  the  presence  of  intervertebral  discs. 

Two  pairs  of  synovial  articulations  surrounded  by  capsular  ligaments 
connect  the  lateral  masses  of  the  atlas  with  the  superior  articular  surfaces 
of  the  axis  and  with  the  condyles  of  the  occipital  bone.  The  capsule  of  the 
atlanto-axial  joint  is  strengthened  behind  by  an  accessory  ligament,  directed 
downwards  and  inwards  to  the  body  of  the  axis  near  the  base  of  the 
odontoid  process. 

The  transverse  ligament  of  the  atlas  is  a  strong  and  thick  band,  which 
extends  across  the  ring  of  the  atlas,  and  retains  the  odontoid  process  in  its 
place.  It  is  attached  on  each  side  to  the  impression  below  the  inner  border 
of  the  superior  articulating  process.  It  is  arched  backwards  behind  the 
odontoid  process,  and  is  broadened  out  in  the  middle  line.  From  the 
middle  of  its  posterior  surface  a  short  thin  bundle  of  fibres  passes  down  to 
be  attached  to  the  body  of  the  axis,  whilst  another  passes  up  to  the  basilar 
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process.  These  form  the  figure  of  a  cross  with  the  transverse  ligament, 
and  serve  to  bind  the  occiput  to  the  first  two  vertebrae  ;  from  this  arrange- 
ment 18  derived  the  term  cruciform,  which  is  sometimes  applied  to  the 
transverse  ligament  and  its  appendages  together. 


Fig.  113.  —  Transverse 
VERTicATi  Section  of 
the  lower  part  of  the 
Occipital  Bone,  and  the 
TWO  UPPER  Vertebra 
behind  the  Articula- 
tions (after  Arnold).  4 

1,  1,  apparatus  ligamea- 
tosus  and  posterior  common 
ligament  of  the  bodies  of  the 
vertebrae  dissected  off  the 
back  of  the  odontoid  process, 
and  turned  up  on  the  occi- 
pital bone ;  2,  2',  vertical 
part,  and  3,  3,  transverse 
or  principal  part  of  the  cru- 
cial ligament ;  x  ,  neck  of 

the  odontoid  process  ;  4,  4,  the  alar,  lateral,  check,  or  occipito-odontoid  ligaments ; 
6,  5,  the  accessory  ligaments  of  the  atlanto-axial  capsules,  or  the  lower  lateral  ligaments 
of  the  odontoid  process  ;  6,  6,  part  of  the  capsular  ligaments  of  the  condyloid  articula- 
tions ;  7,  7,  capsular  ligaments  of  the  atlanto-axial  articulations ;  8,  8,  intertransverse 
ligaments  between  the  occiput  and  atlas. 


Two  synovial  membranes  axe  placed  one  in  front  and  another  behind  the 
odontoid  process  ;  the  first  of  these  is  situated  between  the  process  and  the 
anterior  arch  of  the  atlas,  the  other  between  the  process  and  the  transverse 


ligament. 


Fig.  114.  Fig.  114. — View  of  the  Articulation  of 

THE  Odontoid  Process  of  the  Axis  with 
THE  Atlas,  the  upper  part  op  the  An- 
terior Arch  of  the  Atlas  and  the  Head 
of  the  Odontoid   Process  having  been 

REMOVED  BZ  A  HORIZONTAL  SECTION.  \ 

1,  cut  surface  of  the  odontoid  process  ;  2, 
cut  surface  of  the  anterior  arch  of  the  atlas  ; 
3,  transverse  ligament  ;  between  1  and  2,  the 
anterior  synovial  cavity  ;  between  1  and  3,  the 
posterior  synovial  cavity  of  the  articulation  ; 
at  the  sides  of  the  odontoid  process,  between 
the  anterior  and  posterior  synovial  sacs,  are 
seen  loose  ligamentous  fibres  ;  4,  is  placed  on 
the  back  part  of  the  left  superior  articular  process  of  the  atlas  :  the  anterior  part  of 
this  process,  and  that  of  the  other  side,  have  been  partly  removed  by  the  section. 
For  the  sake  of  distinctness,  the  synovial  spaces  are  represented  somewhat  wider  than 
natural. 


The  odontoid  or  c/iecfc  ligaments  are  two  thick  and  very  strong  bundles  of 
fibres  which  extend  from  the  sides  of  the  summit  of  the  odontoid  process 
outwards  and  a  little  upwards  to  be  implanted  into  the  rough  depression  on 
the  inner  side  of  the  condyles  of  the  occipital  bone,  and  into  a  small  part  of 
the  margin  of  the  foramen  magnum.  Some  of  the  fibres  of  the  two  liga- 
ments are  continuous  across  the  middle  line. 


ARTICULATIONS  OF  THE  ATLAS  AND  AXIS. 
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Fie    116 —Transverse  Section  similar  to 

THAT  represented  IN  FlO  113,  WITH  A 
SMALLER   PORTION    OP   THE  OCCIPITAL  BoNE, 

THE  Crucial  Ligaments  beinq  remoyeu. 

4  alar  or  odontoid  ligament ;  5,  accessory 
atlanto-axial  ligament ;  C,  7,  cfPf ''^i'  liga- 
ments of  the  occipito-atlantal  and  the  atlanto- 
axial articulations  ;  9,  placed  on  the  head  of 
the  odontoid  process  ;  9,  9',  superior  or  median 
occipito-odontoid  ligament. 

The  ligamentum  suspensorium  dentis 
or  middle  odontoid  ligament  consists  of 
fibres  which  pass  directly  upwards  from 
the  summit  of  the  odontoid  process  to 
the  margin  of  the  foramen  magnum. 


Fig.  116. 


Fig.  116. 

B 


Fig.  116. — The  Ligamentous  Stritotures  which  surround  thk  Articulations  op 
THE  Occiput  and  two  Upper  Vertebra.  J 

A,  the  lower  part  of  the  skull  sawn  transversely  through  the  basilar  process,  with  the 
atlas  and  axis,  viewed  from  before.  1,  the  anterior  occipito-atlantal  ligament ;  2,  the 
middle  thickened  part  or  accessory  occipito-atlantal  ligament ;  3,  the  anterior  atlanto- 
axial ligament. 

B,  the  lower  part  of  the  skull,  with  three  adjacent  vertebrte,  viewed  from  behind.  1, 
the  posterior  occipito-atlantal  ligament ;  '2,  the  posterior  atlanto-axial  ligament. 

C,  the  occipital  bone  sawn  transversely  through  tlie  foramen  magnum,  and  a  part  of  tlie 
arches  of  the  atlas  and  axis  removed  posteriorly,  so  as  to  show  tlie  thickened  prolonga- 
tion of  the  posterior  common  ligament  of  the  bodies  of  the  vertebras  with  the  apparatus 
ligamentosus. 
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The  occipito-axial  ligament,  sometimes  caUed  apparatus  ligamentosus  is 
placed  beneath  the  upper  part  of  the  posterior  common  ligament,  and  covers 
the  crucial  and  odontoid  ligaments.  Tt  is  a  broad  band  attached  above  in 
the  basilar  groove,  and  below  to  the  body  of  the  axis. 

The  anterior  occipito-atlantal  ligavient  extends  from  the  anterior  border 
of  the  occipital  foramen,  between  the  condyles,  to  the  margin  of  the  anterior 
arch  of  the  atlas.  It  is  thin,  broad,  and  membranous;  but  in  the  median 
lino  it  is  strengthened  by  an  accessory  ligament,  thick  and  round,  placed  in 
front  of  it,  which  is  sometimes  described  as  the  commencement  of  the 
anterior  common  ligament. 

The  anterior  atlanto-axial  ligament,  likewise  thin  and  membranoiis,  except 
in  the  middle,  where  it  is  thickened,  extends  from  the  border  of  the  anterior 
arch  of  the  atlas  to  the  body  of  the  axis. 

The  posterior  occiinto-atlantal  ligament,  thin  and  membranous,  is  attached 
superiorly  to  all  that  part  of  the  margin  of  the  occipital  foramen  which  is 
behind  the  condyles,  and  inferiorly  to  the  adjacent  border  of  the  arch  of 
the  atlas.     It  is  partly  blended  with  the  dura  mater. 

The  posterior  atlanto-axial  ligament,  similar  to  the  preceding,  connects  the 
neural  arch  of  the  atlas  with  that  of  the  axis,  in  the  absence  of  ligamentum 
subflavum. 


Movements. — The  atlanto-axial  articulation  is  so  constructed  that  the  head,  toge- 
ther with  the  atlas,  is  rotated  on  the  axis ;  the  odoutoid  process  serving  as  a  pivot.  The 
rotation  is  limited  by  the  check  ligaments.  The  atlanto-occipital  articulation  takes  do 
part  in  rotation,  but  allows  the  head  to  be  freely  raised  or  depressed  upon  the  vertebral 
column.  When  the  atlas  is  placed  sj'mmetrically  over  the  axis,  it  is  seen  that  the 
opposing  articular  surfaces,  instead  of  fitting  one  to  the  other,  come  very  slightly  into 
contact,  the  surface  of  the  axis  being  inclined  too  little  outwards,  and  presenting  an 
antero-posterior  convexity,  to  which  there  is  no  corresponding  concavity  presented  by 
the  atlas ;  but  a  slight  rotation  brings  the  bones  into  a  stable  position,  in  which  the 
anterior  half  of  one  articular  surface  of  the  axis  and  the  posterior  half  of  the  other  are 
laid  closely  against  the  atlas.  It  will  also  be  found  that  a  certain  amoiint  of  oblique 
motion  between  the  atlas  and  occipital  bone  is  permitted,  by  which  the  anterior  half 
of  one  condyle  and  the  posterior  part  of  the  other  may  be  rested  together  on  the  atlas, 
and  that  that  is  the  position  of  greatest  stability.  This  oblique  position  is  that  into 
which  the  bones  are  brought  when  there  is  any  lateral  curving  of  the  column,  as  is 
the  case  in  the  most  natural  and  easy  attitudes. 


ARTICULATIONS  OF  THE  RIBS. 

The  articulations  of  the  ribs  may  be  divided  into  three  sets,  connecting 
them  with  the  bodies  of  the  vertebrae,  with  the  transverse  processes,  and 
with  the  sternum. 

The  costo-vertebral  articulation  unites  the  head  of  the  rib,  in  most  instances, 
with  the  bodies  of  two  vertebrse  by  two  distinct  synovial  joints,  supported 
by  ligaments  as  follows  : — 

The  anterior  costo-vertebral,  costo-central,  or  stellate  ligament  is  divided 
into  three  bundles,  of  which  the  middle  one  passes  horizontally  forwards 
upon  the  corresponding  intervertebral  fibro-cartilage,  whilst  the  superior 
ascends  to  the  body  of  the  vertebra  above  it,  and  the  inferior  descends  to 
that  below.  In  the  first,  eleventh,  and  twelfth  ribs,  this  ligament  is  inserted 
into  only  one  vertebral  body,  and  into  no  fibro-cartilage. 

The  inter-artictdar  ligament  is  a  thin  and  short  band  of  fibres,  Avhich 
passes  transversely  from  the  ridge  separating  the  two  articular  surfaces  on 
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the  head  of  the  rib  to  the  intervertebral  substance,  and  divides  the  articu- 
lation into  two  parts,  each  Uned  by  a  separate  synovial  membrane.  The 


Fig.  117. 

Fig.  117. — View  of  a  part  op  the 
Vertebral  Column,  including  the 
6Tn,  Cth,  7th,  8tii,  and  9tii 
Dorsal  Vertebr.e,  with  a  part 
OP  TDK  6th,  7th,  and  Stu 
Ribs,  prom  the  right  side  and 

FRONT.  J 

The  5th  and  9th  ribs  have  been 
removed  so  as  to  show  the  articular 
surfaces  of  the  vertebris  eorrespondiug 
to  them  ;  1  to  2,  the  anterior  common 
ligament  of  the  bodies  of  the  vertebrro ; 
at  X  X  ,  a  portion  of  the  ligament  is 
removed,  so  as  to  expose  the  inter- 
vertebral plate  between  the  8th  and 
9th  veitebne,  in  which  the  diagonal 
fibres  of  the  outermost  ligamentous 
plates  are  represented  ;  3  and  4,  the 
heads  of  the  6  th  and  7th  ribs,  from 
which  the  stellate  or  anterior  costo- 
central  ligaments  are  seen  spreading 
over  the  two  adjacent  vei-tebral  bodies 
and  inteiTertebral  substance  ;  5,  the 
head  of  the  8th  rib,  from  which  the 
stellate  ligament  has  been  removed,  so 
as  to  expose  the  upper  and  lower 
synovial  cavities,  and  between  them 
the  intervertebral  or  deep  costo-central 
ligament ;  6,  lower,  and  6',  upper 
facet  of  the  costo-central  articulation  ; 
7,  posterior  costo-transverse  ligament ; 

7',  the  costo-transverse  synovial  cavity  ;  7",  the  costo-transverse  articular  facet  of  the 
5th  vertebra  ;  8,  the  anterior  or  superior  costo-transverse  ligament ;  9,  superior  articular 
process  of  the  5th  vertebra  ;  9',  inferior  of  the  9th. 

ligament  does  not  exist  in  the  articulations  of  the  first,  eleventh,  or  twelfth 
ribs,  in  consequence  of  those  ribs  being  each,  attached  to  only  one  vertebral 
body  by  a  single  synovial  joint. 


Fig.  118. 


Pig.  118. — Five  Dorsal  VERTEBRiB,  with  portions 

OP  THE  corresponding  RibS.  | 

1  and  2  are  placed  on  the  laminre  of  the  vertebrae, 
close  to  the  interspinous  ligaments  ;  3,  one  of  the  liga- 
menta  subflava,  which  are  only  in  part  seen,  being 
covered  to  some  extent  by  the  lamina?  of  the  vertebrae  ; 
4,  anterior  costo-transverse  ligament ;  5,  posterior 
costo-transverse  ligament. 


The   COSTO-TRANSVERSE  ARTICULATION  Uuite.? 

the  tubercle  and  neck  of  the  rib  to  the  cor- 
responding transverse  process  by  a  synovial 
joint  and  ligaments,  and  by  a  longer  ligament 
to  the  transverse  process  above. 

The  posterior  costo-i/ransverse  ligament  is  a  distinct  band  extending  out- 
wards from  the  posterior  part  of  the  summit  of  the  transverse  process  to  the 
rough  external  part  of  the  tubercle  of  the  rib. 
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The  middle  or  inter-osseous  costo-transverse  ligament,  or  ligamentvm  colli 
costw,  consists  of  a  series  of  very  short  parallel  fibres,  which  unite  the  neck 

of  the   rib  to  the  anterior 
Fig.  119.  surface    of   the  contiguous 

Fig.     119. — HoRIZONTAIi  SECTION 

01?  A  Dorsal  Vertebra,  with 
the  adjacent  portions  op  two 
Ribs.  | 

1,  the  rib  ;  2,  transverse  pro- 
cess ;  3,  anterior  costo-central  liga- 
ment ;  5,  posterior  costo-transverse 
ligament ;  6,  interosseous  or  middle 
costo-transverse  ligament. 

transverse    process.  These 
fibres  are  seen  on  removing 
by  horizontal  section  a  por- 
tion of  the  rib  and  transverse  process,  and  forcibly  drawing  the  one  from 
the  other. 

The  anterior,  superior,  or  long  costo-transverse  ligament  consists  of  fasciculi 
of  fibres,  passing  from  the  neck  of  the  rib  obliquely  upwards  and  outwards 
to  the  lower  margin,  of  the  transverse  process  next  above  it.  It  does  not 
exist  in  the  articulation  of  the  first  rib. 

There  are  no  synovial  joints,  but  only  posterior  costo-transverse  ligaments, 
between  the  two  lowest  ribs  and  the  transverse  processes. 

The  COSTO- STERNAL  ARTICULATIONS,  situated  between  the  anterior  angular 
extremities  of  the  cartilages  of  the  sternal  ribs,  and  the  corresponding  fossae 
in  the  margins  of  the  sternum,  consist  of  small  synovial  capsules  covered 
and  supported  by  anterior,  posterior,  upper  and  lower  ligaments  ;  the 
anterior  ligamentous  fibres  are  thin,  scattered,  and  radiated,  passing  from 
the  extremity  of  the  cartilage  to  the  anterior  surface  of  the  sternum,  where 
they  interlace  -with  those  of  the  opposite  side,  and  are  blended  with  the 
aponeurosis  of  the  pectoralis  major  muscle  ;  the  posterior  fibres  are  similarly 
disposed,  but  not  so  thick  or  numerous,  and  connect  the  thoracic  surfaces 
of  the  same  parts  ;  the  upper  and  lower  ligamentous  fibres  are  inconsider- 
able, and  are  placed  above  and  below  the  joint  ;  the  synovial  membranes  are 
interposed  between  the  end  of  the  cartilage  of  each  true  rib  (excepting  the 
first)  and  the  sternum,  and  may  best  be  demonstrated  by  slicing  off  a  little 
of  the  anterior  surface  of  the  sternum  and  cartilage  ;  that  of  the  seventh 
is  single  ;  the  others  are  usually  divided  into  an  upper  and  lower  cavity,  be- 
tween which  interarticular  fibres  are  attached  to  the  end  of  the  cartilage  and  to 
the  sternum.    The  cartilage  of  the  first  rib  is  directly  united  to  the  sternum. 

A  thin  fasciculus  of  fibres  connecting  the  cartilage  of  the  seventh  rib,  and 
sometimes  likewise  that  of  the  sixth,  with  the  xiphoid  cartilage,  is  called  the 
costo-xiphoid  ligament. 

Articulation  of  the  cartilages  one  with  another. — The  contiguous  edges  of 
the  cartilages  of  some  of  the  ribs,  viz.,  from  the  sixth  to  the  ninth,  have 
a  part  of  their  adjacent  borders  smoothed  into  articular  surfaces,  which  ai'e 
lined  by  synovial  membranes,  and  are  held  in  connection  by  ligamentous 
fibres.     Some  of  the  articular  surfaces  are  occasionally  found  to  be  wanting. 

Cormection  of  the  ribs  ^vith  their  cartilages. — The  external  extremities  of 
the  cartilages  are  fixed  into  the  oval  depressions  on  the  ends  of  the  ribs, 
and  the  union  receives  support  from  the  periosteum. 
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FiK.  1-20. 


Fig.  120. — Articulations  of  the 
Sternum,  Clavicle  and  Kids, 

AS    SEEN    FROM     BEFORE  (after 

Arnold).  J 

On  the  right  of  the  middle  line 
the  anterior  ligaments  are  shown  ; 
on  the  left  side,  the  front  parts  of 
the  clavicle,  sternum  and  costal 
cai-tilages  have  been  removed  so  as 
to  display  the  articular  cavities. 
1  to  10,  the  anterior  extremities  of 
the  ribs  from  the  first  to  the  tenth 
inclusive,  on  the  right  side ;  1'  to 
10',  the  costal  cartilages  of  the  left 
side  from  the  first  to  the  tenth  in- 
clusive ;  at  1',  the  direct  union  of 
the  first  costal  cartilage  with  the 
sternum  is  shown  ;  at  the  sternal 
ends  of  the  cartilages  marked  2'  to 
6',  the  small  double  synovial  cavi- 
ties are  shown  opened ;  between 
the  costal  cartilages  on  the  right 
side,  ligamentous  bands  are  shown 
stretching  over  the  intercostal 
spaces ;  and  on  the  left  side,  by  a 
section,  small  synovial  cavities  are 
shown  between  the  adjacent  edges 
of  the  intercostal  cartilages  from 
the  5th  to  the  9th ;  on  the  front 
of  the  right  half  of  the  sternum 
the  radiating  anterior  costo-sternal 
ligaments  are  shown  ;  11,  the  ensi- 
form  process  ;  12,  12',  the  inter- 
clavicular ligament ;  and  below  12, 
the  anterior  sterno- clavicular  liga- 
ment ;  below  12',  the  sterno-clavi- 
cular  articulation  is  opened,  showing 
the  interarticular  fibro-cartilage  and 
double  synovial  cavity ;  13,  the  costo- 
clavicular or  rhomboid  ligament. 

Ligaments  of  the  sternum. — The  manubrium,  body  and  xiphoid  process 
of  the  sternum,  so  long  as  they  are  not  united  by  bone,  are  connected 
by  intervening  cartilage,  and  by  anterior  and  posterior  ligaments  ;  and 
the  whole  sternum  is  much  strengthened  by  thick  periosteum  and  by 
the  crossing  and  longitudinal  bands  of  the  costo-sternal  ligaments  already 
mentioned. 

Movements  of  the  Ribs. — Each  rib  is  capable  of  a  certain  amount  of  elevation 
and  depression  at  its  vertebral  articulation,  and  of  rotation  on  an  axis  passing  between 
its  vertebral  and  sternal  ends.  The  heads  of  the  ribs  are,  however,  bound  down  by 
the  inter-articular  ligaments  so  tightly  as  to  prevent  any  gliding  motion  at  the 
attachments  of  those  ligaments,  ■which  may  therefore  be  regarded  as  the  fixed  points 
round  which  the  ribs  are  moved.  When  the  vertebral  column  is  bent  forwards,  the  ribs 
are  depressed ;  and  in  the  same  manner,  when  the  column  is  rotated,  the  ribs  of  that 
side  towards  which  the  upper  part  of  the  trunk  is  turned  are  raised,  and  those  of 
the  other  side  correspondingly  depressed.  The  movement  of  the  tubercle  of  the  rib 
on  the  transverse  process  is  of  a  gliding  description,  in  the  circumference  of  a  circle 
of  which  the  head  of  the  rib  is  the  centre ;  and  as  the  plane  in  which  the  opposed 
surfaces  of  the  costo-transversc  articulation  in  most  instances  lies  looks  upwards  and 
backwards,  the  ribs  are  moved  backwards  as  well  as  upwards  in  inspiration,  and 
forwards  and  downwards  in  expiration.  The  combined  movements  of  the  thoracic 
walls  in  respiration  will  be  described  along  with  the  actions  of  the  intercostal 

K  2 


132 


AKTICULATIONS  OF  THE  TRUNK  AND  HEAD. 


muscles.  It  is  sufficient  at  present  to  state  that  the  elevation  and  rotation  of  the 
ribs  in  inspiration  arc  the  main  causes  of  the  antero-posterior  and  transverse  enlarge- 
ment of  the  chest.  The  angular  movement  is  greatest  in  the  upper  and  least  in  the 
lowest  ribs. 


TEMPORO-MAXnXABY  ARTICULATION. 


The  lower  jaw  articulates  by  its  condyle  on  each  side  with  the  smooth 
surface  of  the  temporal  bone,  extending  over  the  part  of  the  glenoid  fossa 


Fig.  121. 


Fig.     121.  — A    PORTION    OF  TUE 

Skull  and  Lower  Jaw  with 

HALF  THE  HyOID  BoNE,  SEEN 
FROM    THE    RIGHT    AND  OUTER 

SIDE  (after  Arnold).  ^ 

1,  the  external  lateral  ligament 
of  the  temporo-maxillary  articula- 
tion ;  2,  a  part  of  the  capsular 
ligament  of  the  joint ;  3,  styloid 
process ;  4,  stylo -maxillary  liga- 
ment ;  5,  stylo-hyoid  ligament ;  6, 
the  lesser  cornu  of  the  hyoid  bone 
with  some  short  ligaments  attach- 
ing it  to  the  body  and  great  cornu ; 
7,  the  body  ;  8,  the  extremity  of 
the  great  cornu. 


in  front  of  the  Glaserian 
fissure  and  the  anterior  root 
of  the  zygoma.  The  joint  is 
divided  by  an  interarticular 
fibro-cartilage  into  an  upper 
and  lower  synovial  cavity. 
The  external  lateral  ligament  is  a  short  fasciculus  of  fibres,  attached 


Fig.  122. 


Fig.    122. — A  PORTION  OF  THE  Skull 
AND  Lower  Jaw  with  half  the  hyoid 

BONE,   SEEN   FROM  THE  INSIDE.  ^ 

The  indications  where  marked  are  the 
same  as  in  Fig.  121  ;  the  styloid  process, 
3,  is  detached  from  the  skull ;  the  body  of 
the  hyoid  bone,  7,  is  represented  as  cut 
through  in  the  middle,  so  that  the  posterior 
and  inner  surface  of  tlie  right  half  of  the 
hone  is  seen ;  9,  the  internal  lateral  liga- 
ment of  the  temporo-maxillary  joint  ;  10, 
the  upper  opening  of  the  inferior  maxillary 
canal. 

above  to  the  external  surface  and  the 
tubercle  of  the  zygoma ;  and  below, 
to  the  external  surface  and  poste- 
rior border  of  the  neck  of  the 
lower  jaw,  its  fibres  being  directed 
downwards  and  backwards.  Thin 
and  short  additional  ligamentous 
fibres  cover  the  synovial  membrane 


and  form  an  irregular  capsule  round  the  joint. 
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The  internal  lateral  ligament,  thin,  loose,  and  elongated,  lies  at  8ome 
distance  from  the  joint.  It  extends  from  the  spinous  process  of  the 
sphenoid  bone  downwards  and  a  Uttle  forwards,  to  be  attached  to  the  mner 
border  of  the  dental  foramen  in  the  inferior  maxiUary  bone.  Between  it 
and  the  lower  jaw  are  placed  the  external  pterygoid  muscle,  the  internal 
maxiUary  artery,  and  the  inferior  dental  nerve.  It  has  no  immediate  connec- 
tion with  the  joint,  and  by  some  anatomists  is  not  recognised  as  a  ligament. 

The  inter-articular  fibro- cartilage  is  a  thin  plate,  placed  between  the 
articular  surfiices  of  the  bones.  It  is  of  an  oval  form,  broadest  trans- 
versely,  thickest  posteriorly,  and  thinnest  at  its  centre,  where  it  is  sometimes 
perforated.  The  inferior  surface,  which  is  in  contact  with  the  condyle,  is 
concave  ;  the  superior  is  concavo-convex  from  before  backwards,  conformmg 
with  the  articular  surface  of  the  temporal  bone.  Its  circumference  is  con- 
nected at  the  outside  with  the  external  lateral  ligament,  and  anteriorly  with 
the  external  pterygoid  muscle. 


Fig.  123. 


Fig.  123. — Antero-Poste- 
RioR  Section  op  the  Tem- 
poro-Maxillary  ARTictr- 

LATJON  OP  THE  RIGHT 
SIDE.  ^ 

1,  is  placed  close  to  the 
articular  eminence,  and  points 
to  the  superior  synovial  cavity 
of  the  joint ;  2,  is  placed 
close  to  the  articular  surface 
of  the  head  of  the  lower  jaw, 
and  points  to  the  inferior 
synovial  cavity  of  the  joint ; 
X  ,  is  placed  on  the  thicker 
posterior  portion  of  the  inter- 
articular  fibro-cartilage. 


Synovial  Membranes. — 
The  synovial  membrane 
which  lies  between  the 
inter-articular  fibro-carti- 
lage   and    the  glenoid 

cavity  is  larger  and  looser  than  that  which  is  interposed  between  the  fibro- 
cartilage  and  the  condyle  of  the  jaw.  When  the  fibro-cartilage  is  perforated  the 
upper  and  lower  synovial  cavities  necessarily  communicate  one  with  the  other. 

The  stylo-maxillary  ligament  is  the  name  given  to  a  strong  or  thickened 
band  of  fibres  connected  with  the  cervical  fascia  extending  from  near  the 
point  of  the  styloid  process  to  the  posterior  border  of  the  ramus  of  the  jaw, 
where  it  is  inserted  between  the  masseter  and  internal  pterygoid  muscles. 
It  separates  the  parotid  from  the  submaxillary  gland. 

It  may  be  proper  also  to  mention  in  this  place  the  stylo-hyoid  ligament, 
a  thin  fibrous  cord,  which  extends  from  the  point  of  the  styloid  process  to 
the  lesser  comu  of  the  hyoid  bone,  and  serves  to  suspend  that  bone  from  the 
styloid  process.  A  considerable  portion  of  the  stylo-hyoid  ligament  is  some- 
times converted  into  bone  in  the  human  subject,  and  in  animals  it  is  naturally 
osseous,  and  constitutes  the  epi-hyal  bone. 

Movements. — The  jaw  is  capable  of  movements  of  elevation  and  depression,  of 
some  degree  of  lateral  displacement,  and  of  protraction  and  retraction ;  but  it  is 
to  be  observed  that  when  the  jaw  is  depressed,  as  in  opening  the  mouth,  the  condyle 
advances  from  the  glenoid  cavity  so  as  to  bo  placed  on  the  articular  eminence  in  front 
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of  it.  The  movements  which  take  place  in  the  superior  and  inferior  compartments 
of  the  joint  are  of  different  kinds.  In  the  upper  the  fibro-cartilage  glides  backwards 
and  forwards  on  the  temporal  bone ;  in  the  lower  compartment  the  condyle  rotates 
on  a  transverse  axis  against  the  fibro-cartilago.  In  opening  the  mouth  the  two  move- 
ments are  combined :  the  jaw  and  fibro-cartilage  together  move  forwards  and  rest  on 
the  convex  root  of  the  zygoma,  while  at  the  same  time  the  condyle  revolves  on  the 
fibro-cartilage.  When  the  lower  incisors  are  protruded  beyond  those  of  the  upper 
jaw,  the  movement  is  conGncd  chiefly  to  the  upper  articulation ;  and  when  the  same 
movement  is  alternately  performed  in  the  joints  of  opposite  sides  a  horizontal  or 
grinding  motion  is  produced.  The  fibres  of  the  external  lateral  ligament  remain 
tight  both  in  shutting  and  opening  the  mouth,  and  it  is  owing  to  their  direction  that 
in  opening  the  mouth  the  condyle  is  driven  forwards. 


ARTICULATIONS  OF  THE  UPPER  LIMB, 

THE  SCAPtTLO-CLAVIGULAR  AKCH. 

The  supporting  arcli  of  the  upper  limb  has  only  one  point  of  attachment 
to  the  trunk,  namely,  that  at  the  sterno-claviciilar  articulation  ;  the  scapula 
being  connected  with  the  trunk  only  by  muscles. 

The  clavicle  articulates  at  its  inner  end  with  the  first  bone  of  the 
sternum,  and  is  connected  by  ligaments  to  its  fellow  of  the  opposite  side 
and  to  the  first  rib.    At  its  outer  end  it  is  united  to  the  scapula. 

Sxerno-Olavicular  ARTiCTJiiATiON. — The  articular  surface  of  the  inner 
end  of  the  clavicle  is  considerably  larger  than  the  opposing  surface  of  the 
sternum.  Between  the  two  bones  an  inter-articular  fibro-cartilage  is  interposed. 

The  anterior  sterno-clavicidar  ligament,  broad  and  consisting  of  parallel 
fibres,  passes  from  the  inner  extremity  of  the  clavicle  in  front  downwards 
and  inwards,  upon  the  anterior  surface  of  the  sternum. 

The  posterior  sterno-clavicular  ligament,  lying  on  the  thoracic  aspect  of  the 
joint,  is  of  similar  conformation  with  the  anterior  ligament,  but  is  not  so 
broad  or  strongly  marked. 

The  inter-articular  fibro-cartilage,  nearly  circular  in  its  form,  and  thicker 
above  and  at  the  border  than  at  the  centre,  is  interposed  between  the  arti- 
culating surfaces  of  the  sternum  and  clavicle.  Towards  its  upper  part  it  is 
attached  to  the  inner  and  upper  part  of  the  clavicle,  and  at  its  lower  edge 
to  the  cartilage  of  the  first  rib.  In  the  latter  situation  it  is  thin  and  some- 
what prolonged,  so  that  the  inferior  border  of  the  clavicle  rests  upon  it. 

Synovial  membranes. — In  this  articulation,  as  in  that  of  the  lower  jaw, 
there  are  two  cavities  lined  by  synovial  membrane,  one  on  each  side  of  the 
inter-articular  fibro-cartilage. 

The  inter-clavicular  ligament  is  a  dense  fasciculus  of  fibres,  between  the 
contiguous  extremities  of  the  clavicles.  It  dips  downwards  in  the  middle, 
and  is  connected  with  the  upper  margin  of  the  sternum,  filling  up  a  part  of 
its  interclavicular  notch. 

The  costo-clavicular  ligament  (ligamentum  rhomboides, — Weitbrecht)  does 
not  properly  form  part  of  the  sterno-clavicular  articulation  ;  yet  it  con- 
tributes materially  to  retain  the  clavicle  in  its  situation.  It  is  attached 
inferiorly  to  the  cartilage  of  the  first  rib  near  its  sternal  end,  and  passes 
obliquely  backwards  and  upwards,  to  be  fixed  to  a  rough  depression  at  the 
under  surface  of  the  clavicle  near  the  sternal  end. 

Soapulo-Claviotoab  Connections.— At  its  outer  end  the  clavicle  articu- 
lates with  the  acromion,  and  is  connected  by  Ugamentous  fibres  with  the 
coracoid  process. 

The  acromio-clavicular  articulation  is  a  synovial  joint  unitmg  the  outer 
extremity  of  the  clavicle  with  the  inner  edge  of  the  acromion.    It  is  sup- 
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ported  above  by  a  thick  and  broad  superior  ligament,  and  below  by  an 
inferior  ligament  which  is  not  so  strong.  An  inter-articular  fihro-cartilage  is 
frequently  present,  but  is  sometimes  wanting.  It  is  usually  wedge-shaped, 
attaclied  by  its  base  to  the  upper  part  of  the  joint,  and  only  partially  sepa- 
rating the  small  oval  articular  surfaces. 

Fig.  124. 


Fig.  124. — View  from  before  of  the  Articulations  op  the  Shoulder  Bonks.  J 

1,  acromio-clavicular  articulation  ;  2,  conoid,  and  3,  trapezoid  part  of  the  coraco- 
clavicular  ligament ;  4,  is  near  the  supra-scapular  or  coracoid  ligament  ;  5,  placed  on 
the  coracoid  process,  points  to  the  coraco-aeromial  or  deltoid  ligament ;  6,  is  placed  on 
the  front  of  the  capsular  ligament  of  the  shoulder-joint  ;  7,  the  coraco-hnmeral  ligament 
or  accessory  part  of  the  capsular  ;  above  6,  an  aperture  in  the  capsular  ligament  at  the 
place  where  a  part  of  the  tendon  of  the  subscapularis  muscle  pierces  the  capsular  liga- 
ment, and  is  sometimes  connected  with  a  synovial  bursa  ;  8,  tendon  of  the  glenoid  head 
of  the  biceps  muscle  issuing  between  the  tuberosities ;  9,  right  half  of  the  interclavicular 
ligament ;  10,  interarticular  fibro-cartilage  of  the  sterno-clavicular  articulation,  shown  by 
removing  the  anterior  sterno-clavicular  ligament  and  synovial  membrane  ;  11,  the  costo- 
clavicular or  rhomboid  ligament ;  12  and  13,  the  cartilage  and  small  part  of  the  second 
and  third  ribs  attached  by  their  anterior  costo-sternal  ligaments.    (See  also  Fig.  120.) 

The  coraco-clavicular  ligament,  which  connects  the  clavicle  with  the 
coracoid  process  of  the  scapula,  is  divisible  into  two  parts,  each  known  by 
a  particular  name.  The  conoid  ligament,  which  is  the  posterior  or  internal 
fasciculus,  broad  above,  narrow  below,  is  attached  inferiorly  to  the  inner 
part  of  the  root  of  the  coracoid  process,  and  superiorly  to  a  tubercle  on  the 
inferior  surface  of  the  clavicle  below  the  convex  margin  of  its  outer  curve  : 
its  fibres  are  directed  backwards  and  upwards.  The  trapezoid  ligament,  the 
anterior  or  external  fasciculus,  slopes  upwai'ds,  backwards,  and  outwards 
from  the  inner  border  of  the  coracoid  process  to  an  oblique  line  extending 
outwards  from  the  tubercle  to  which  the  conoid  ligament  is  attached,  and  is 
inserted  at  right  angles  to  the  line  of  attachment  of  that  ligament  to  the 
clavicle.  In  the  angle  between  the  conoid  and  trapezoid  ligaments  there  is 
frequently  present  a  synovial  bursa. 
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Movements.— Tlie  movements  allowed  at  the  clavicular  articulations  are  limited, 
not  so  much  by  the  forms  of  the  articular  surfaces,  as  by  the  costo-clavicular  and  coraco- 
clavicular  ligaments  and  tlie  position  of  the  thoracic  wall.  Wlien  the  clavicle  is 
forcibly  depressed,  as  in  lifting  a  heavy  weight,  it  presses  upon  the  first  rib, 
the  upper  border  of  its  inner  end  rises  above  the  sternum,  and  the  interarticular 
cartilage  and  inter-clavicular  ligament  are  put  upon  the  stretch.  When  the 
shoulders  arc  drawn  backwards  and  downwards,  the  angle  between  the  clavicle  and 
the  upper  border  of  the  scapula  is  increased,  by  the  descent  of  the  scapular  arch  on  the 
conical  wall  of  the  thorax.  In  raising  and  depressing  the  arm  to  its  full  extent,  there 
is  not  only  vertical  motion  at  the  shoulder  joint,  but  also  motion  at  the  sterno-clavi- 
cular  and  acromio-clavicular  articulations. 


Ligaments  of  the  Scapula. — There  are  two  ligaments  which  stretch  from 
one  part  of  the  scapula  to  another.  1.  The  coracoid  or  supra- scapular  ligament 
(ligamentura  proprium  posterius),  is  a  thin  flat  band  of  fibres,  attached  by  its 
extremities  to  the  opposite  margins  of  the  notch  at  the  root  of  the  coracoid 
process,  which  it  thus  converts  into  a  foramen  for  the  transmission  of  the 
supra-scapular  nerve,  the  corresponding  artery  most  commonly  passing  above 
it.  2.  The  coraco-acromial  ligament  (ligamentum  proprium  anterius),  broad, 
firm,  and  triangular,  is  attached  by  its  broader  extremity  to  the  outer  edge 
of  the  coracoid  process,  and  by  the  narrower  to  the  tip  of  the  acromion.  Its 
inferior  surface  looks  downwards  upon  the  shoulder-joint,  the  superior  is 
covered  by  the  deltoid  muscle. 


THE  SHOULDER  JOINT. 

In  this  articulation  the  large  and  hemispherical  head  of  the  humerus  is 
opposed  to  the  much  smaller  surface  of  the  glenoid  cavity  of  the  scapula. 
The  bones  are  retained  in  position,  not  by  the  direct  tension  of  strong  liga- 
ments, which  would  have  restricted  too  much  the  movements  of  the  joint, 
but  by  surrounding  muscles  and  atmospheric  pressure. 

The  capsular  ligament  is  attached  to  the  scapula  round  the  margin  of  the 
glenoid  cavity,  and  to  the  humerus  at  the  place  where  the  neck  springs  from 
the  tuberosities  and  shaft.  It  extends  furthest  down  the  humerus  on  the 
internal  or  inferior  aspect,  and  is  strongest  on  the  superior  aspect.  The  laxity 
of  the  capsule  is  such  that  the  hiimerus  drops  away  from  the  glenoid  cavity 

Fig.  125.— View  of  the  Glenoid  Cavitv  and  Liga- 
ments BETWEEN  THE  SOAPULA  AND  CLAVICLE  OP 
THE  EIGHT  SIDE.  5 

1,  glenoid  fossa,  its  cartilaginous  surface  ;  2,  the 
gleuoid  Kgament  or  fibrous  border  ;  3,  the  tendon  of 
the  biceps  muscle  seen  in  connection  with  the  upper 
part  of  the  glenoid  fossa  and  ligament ;  4,  is  placed 
on  the  upper  surface  of  the  coracoid  process  ;  5  and  6, 
on  the  adjacent  part  of  the  clavicle  ;  4  to  5,  the 
conoid  ;  4  to  6,  the  trapezoid  portion  of  the  coraco- 
clavicular  ligament ;  7,  is  placed  on  the  apex  of  the 
acromion  process  ;  4  to  7,  the  coraco-acromial  liga- 
ment ;  8,  is  above  the  acromio-clavicular  articulation, 
which  is  represented  as  open  anteriorly,  showing  a 
wedge-shaped  inter-articular  cartilage  attached  above 
to  the  superior  acromio-clavicular  ligament ;  x  ,  the 
inferior  acromio-clavicular  ligament. 

as  soon  as  its  muscular  connections  are  detached.  Superiorly  and  posteriorly 
the  capsule  is  strengthened  by  the  tendons  of  the  supra  spinatus,  infra-spinatus,- 


Fig.  125. 
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and  tores  minor  muscles,  which  are  intimately  connected 
over  it  to  reach  the  great  tuberosity  of  the  humerus.  Anteriorly  the  tendon 
of  the  subscapularis  muscle  comes  mto  direct  contact  with  the  «y;;o-al  mem^ 
braue  which  is  prolonged  upon  it  through  an  oval  opening  The  insertion 
of  the  capsule  is  likewise  interrupted  opposite  the  bicipital  groove,  to  givo 
passage  to  the  long  tendon  of  the  biceps  muscle 

The  coraco-hamcral,  or  accessory  ligament,  is  a  broad  bundle  of  fibres 
extending  obliquely  over  the  upper  and  outer  part  of  the  articulation  ;  it  is 
attached  to  the  root  of  the  coracoid  process,  and  thence  descends  towards 
the  greater  tuberosity  of  the  humerus,  intimately  connected  with  the  capsule. 

The  glenoid  ligament  is  a  firm  fibrous  band,  about  two  lines  deep,  whicli 
is  fixed  to  the  edge  of  the  glenoid  fossa,  and,  by  elevating  the  border  of  the 
cavity,  renders  it  a  little  deeper.  The  upper  part  of  it  is  connected  with  the 
tendon  of  the  long  head  of  the  biceps  muscle,  which  is  also  fixed  into  the 
upper  part  of  the  glenoid  fossa,  within  the  capsule  of  the  joint. 

The  synovial  membrane  is  reflected  uninterruptedly  from  the  glenoid 
cavity  on  the  inner  surface  of  the  fibrous  capsule  to  the  humerus,  but  its 
form  is  complicated  by  its  relation  to  the  tendons  of  the  biceps  and  sub- 
scapularis muscle.  The  long  tendon  of  the  biceps  muscle,  traversing  the 
joint  in  its  course  from  the  upper  border  of  the  glenoid  cavity  to  the  bicipital 
groove,  Ls  enclosed  in  a  tubular  sheath,  formed  by  an  offset  or  process  of  the 
synovial  membrane,  which  is  continued  down  upon  it  beyond  the  fibrous 
capsule  into  the  bicipital  groove,  and  is  thence  reflected  upwards  upon  it  to 


Fig.  126. 
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Fig.  126. — A,  Section  TUROuan  the  Shoulder  Joint,  passing  prom  within  ouTWARrs 

THROUGH  THE  TENDON  OF  THE  BiCEPS  AND  BICIPITAL  GrooVE,  SOMEWHAT  DIAGRAMMATIC, 
TO  SHOW  THE  SYNOVIAL  CAVITY  OF  THE  JoiNT,  &0.  ^ 

B,  Outline  ob  the  same,  to  snow  the  inflection  of  the  Synovial  Membrane 

OVER  TUB  Tendon. 

1,  placed  above  the  sawn  end  of  the  outer  part  of  the  clavicle  ;  2,  is  near  the  acromial 
end  ;  3,  the  cavity  of  the  slioulder  joint  close  to  the  upper  part  of  the  glenoid  head, 
where  there  are  seen  the  section  of  the  cartilages  on  the  head  of  the  humerus  and  in  the 
glenoid  cavity  of  the  scapula,  the  glenoid  ligament,  and  the  origin  of  the  tendon  of  the 
biceps  muscle  ;  4,  is  in  the  lower  part  of  the  cavity  of  the  joint,  indicating  the  section  of 
the  glenoid  ligament  in  that  situation  ;  5,  the  upper  part  of  the  capsular  ligament  and 
synovial  membrane  ;  6,  the  tendon  of  the  biceps  as  it  passes  out  of  the  joint  into  the 
bicipital  groove  ;  C,  6',  the  tubular  prolongation  of  the  synovial  membrane  round  the 
tendon  ;  7,  the  reflection  of  the  synovial  membrane  on  the  humerus  within  the  lower  part 
of  the  capsular  ligament. 
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its  origin,  where  it  again  becomes  continuous  with  the  synovial  membrane 
of  the  capsule  iu  such  a  maimer  as  to  preserve  the  integrity  of  the  mem- 
brane. The  bursal  prolongation  of  the  synovial  membrane  on  the  tendon  of 
the  subscapularis  muscle  is  of  variable  extent,  sometimes  scarcely  existing, 
sometimes  forming  a  considerable  pouch  on  the  venter  of  the  scapula. 

Subacromial  Bursa, — Superficial  to  the  muscles  covering  the  top  of  the 
joint  is  a  considerable  bursa  mucosa,  by  means  of  which  the  contiguous  sur- 
faces of  the  coracoid  and  acromion  processes,  and  of  the  coraco-acromial 
ligament  and  deltoid  muscle  are  lubricated,  so  as  to  facilitate  the  movements 
of  the  subjacent  head  of  the  humerus. 

MovEMKNTS. — Great  freedom  of  movement  of  the  humerus  in  every  direction  is 
admitted  at  the  shoulder-joint;  but  superiorly  and  posteriorly  the  extent  of  the  move- 
ment is  somewhat  limited  by  the  margin  of  the  acromion.  When  the  arm  is  raised, 
the  great  tuberosity  of  the  humerus  becomes  locked  against  the  acromion  as  soon  as  the 
position  is  reached  in  which  the  limb  lies  at  right  angles  to  the  trunk,  and  all  further 
elevation  is  accomplished  by  movements  in  the  sterno-clavicular  and  acromio-clavicular 
articulations.  The  arch  formed  by  the  acromion,  the  coracoid  process  and  the  deltoid 
ligament,  lined  by  the  subacromial  bursa,  forms  a  sort  of  secondary  socket,  in  which 
the  extremity  of  the  humenis,  covered  by  the  tendons  inserted  into  the  great  tube- 
rosity, revolves,  and  against  which  it  is  pressed  when  the  weight  of  the  body  is  made 
to  rest  upon  the  arms  :  in  quadrupeds,  the  weight  of  the  body  is  transmitted  through 
ihe  glenoid  fossa  to  the  humerus. 


ARTICULATIONS  OF  THE  FOREARM  AND  ELBOW. 


Union  of  the  Radius  and  Ulna. — The  bones  of  the  forearm  are  united 
by  a  superior  and  inferior  articulation  and  an  inter-osseous  membrane. 


Fig.  127. 


Fig.  127. — The  upper  part  op  the  Ulna, 
Orbicular  Ligament  of  the  Eadius. 


WITH  the 

4 


1,  upper  division  of  the  sigmoid  surface  on  the  olecranon; 
2,  extremity  of  the  coronoid  process;  5,  orbicular  liga- 
ment. 

In  the  superior  radio-ulnar  articulation,  the  con- 
nection of  the  head  of  the  radius  with  the  small  sig- 
moid cavity  of  the  ulna  is  effected  by  means  of 
the  annular  or  orbicular  ligament,  a  strong  band 
of  fibres  attached  to  the  ulna  in  front  and  behind 
at  the  extremities  of  the  small  sigmoid  cavity,  and 
forming  four-fifths  of  a  ring  which  encircles  the  head 
of  the  radius  and  binds  it  firmly  m  its  situation.  The 
outer  surface  is  connected  with  the  external  lateral 
ligament  of  the  elbow,  whose  fibres  are  inserted  into 
it  ;  the  deep  surface  is  smooth,  and  is  lined  by  the 
synovial  membrane  of  the  elbow  joint. 
The  inferior  radio-ulnar  articulation  .—The  connection  between  the  semi- 
lunar surface  of  the  radius  and  the  lower  end  of  the  ulna  is  effected  by 
means  of  a  fibro-cari;ilage,  a  synovial  membrane,  and  some  scattered  liga- 

m  lus  fibres  in  front  and  behind.     The  ^ria^^^-^fi^^^-'^^Z  S:  ^ 
T^late  attached  by  its  base  to  a  ridge  separatmg  the  carpal  from  the  iilnar 
^tulatSg  surfJce  of  the  radius  ;  and  ^/ ^^^^^^'^.^^^^^ 
root  of  the  Styloid  process  of  the  ulna,  and  to  the  side  of  that  process,  its 
n^^ef^lMsio.^ras  the  ulna,  its  lower  towards  the  cuneiform  bone. 
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and  it  separates  the  inferior  radio-xUnar  articulation  from  the  wnst  joint. 
The  synovial  membrane,  sometimes  called  from  its  looseness  membrana  sacci- 
formis,  extends  partly  upwards  between  the 
radius  and  ulua,  partly  horizontally  inwards  Fig.  128. 

between  the  ulna  and  triangular  fibro-carti- 
lage.  A^^len  the  fibro-cartilage  is  perforated, 
as  is  occasionally  the  case,  this  synovial  mem- 
brane is  contiauous  with  that  of  the  wrist 
joint. 

Fig.  128. — Tub  lower  parts  op  the  RADitrs  and 
Ulna,  with  the  Triangular  FiBRO-CABiiLAaE 

CONNECTING  THEM.  | 

I,  nlna  ;  2,  its  styloid  process  ;  3,  radius  ;  4,  the 
part  of  tlie  articular  surface  for  the  scaphoid 
bone  ;  5,  that  for  the  semilunar  bone ;  6,  lower 
surface  of  the  triangular  fibro-cartilage ;  *  *,  a  piece 
of  whalebone  passed  between  the  fibro-cartilage  and 
the  ulna. 


The  interosseous  mem- 
brane or  ligamentof  the 
forearm  is  a  thin,  flat, 
fibrous  membrane,  the 
direction  of  whose  fibres 
is  for  the  most  part  ob- 
liquely downwards  and 
inwards,  and  which 
extends  between  the 
contiguous  borders  of 


Fig.  129. — A,  Front,  and 
B,  Back  view  op  the 
Articulations  op  the 
Forearm,  Wrist  and 
Hand.  ^ 

1,  the  internal  lateral 
ligament  of  the  elbow  joint ; 
2,  the  external  lateral;  3, 
the  anterior  ;  4,  points  to 
the  posterior  ;  5,  orbicular 
ligament  of  the  radius  ;  6, 
interosseous  membrane ;  7, 
oblique  or  round  ligament ; 
8,  internal  lateral  ligament 
of  the  wrist ;  9,  external ; 
10,  anterior;  11,  posterior  ; 
12,  palmar,  and  13,  dorsal 
carpo  -  metacarpal  liga- 
ments ;  14,  ligaments  con- 
necting metacarpal  bones ; 
15,  transverse  metacarpal 
ligament ;  16,  carpo-meta- 
carpal  ligament  of  the 
thumb ;  17,  lateral  liga- 
ments connecting  the  pha- 
langeal with  the  metacarpal 
bones ;  18,  lateral  ligaments 
of  the  phalanges. 


Fig.  129. 
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tho  radius  and  ulna.  Its  superior  border  is  placed  about  an  inch  below 
the  tubercle  of  the  radius,  leaving  a  space  (hiatus  iutcr-osseus)  through 
which  the  posterior  inter-osseous  vessels  pass.  This  space  is  diminished  in 
size  by  the  round  or  oblique  ligament,  a  thin,  narrow  fasciculus  of  fibres  ex- 
tending obliquely  downwards  and  outwards  from  the  corouoid  process,  to  be 
attached  to  the  radius  about  half  an  inch  below  the  tubercle.  Other  small 
bundles  of  fibres,  having  the  same  direction  as  the  round  ligament,  are  often 
to  be  found  at  intervals,  decussating  with  the  fibres  of  the  inter-osseous 
ligament  on  its  posterior  surface. 

Movement  of  the  Radius  on  the  Ulna. — The  disposition  of  the  annular  liga- 
ment allows  the  head  of  the  radius  to  rotate  freely  within  it,  while  the  lower  end  of 
the  radius,  bound  by  the  triangular  fibro-cartilage  to  the  styloid  process  of  the  ulna, 
has  a  freedom  of  circumduction  round  that  point,  by  which  the  liand  is  brought 
into  the  prone  or  supine  position.  Thus  in  pronation  and  supination  the  movement 
of  the  radius  describes  a  part  of  a  cone,  the  axis  of  which  extends  from  the  centre 
of  the  head  of  the  radius  to  the  styloid  process  of  the  ulna. 

The  Elbow  Joint. — The  lower  extremity  of  the  humerus  is  in  contact 
with  the  ulna  and  radius  at  the  elbow,  and  forms  with  them  a  hinge-joint. 
The  greater  sigmoid  cavity  of  the  ulna  articulates  with  the  trochlea  of  the 
humerus,  so  as  to  admit  of  flexion  and  extension  only  ;  while  the  cup- 
shaped,  depression  on  the  head  of  the  radius  is  fitted  to  turn  freely  on  the 
rounded  capitulum.    These  bones  are  united  principally  by  lateral  ligaments. 


Fig.  130. — Ligaments  of  the  Elbow-Joint.  J 
A  from  the  outer  "side  and  behind;  B,  from  the  front;  C,  from  the  inner  side  and 
behind  1,  internal  lateral  ligament;  2,  external  lateral  ;  3,  the  ,uKldc  strongest  part 
of  the  anterior  ligament ;  4,  orbicular  ligament  ;  5,  posterior,  represented  as  wr.nkled 
tm  relaxSn  in  extension.  In  these  figures  the  round  ligament  and  upper  part  of 
the  inter-osseus  membrane  are  also  represented  below  the  elbow-jomt. 
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The  internal  lateral  ligament,  composed  of  diverging  and  radiating  fibres, 
is  divisible  into  an  anterior  and  a  posterior  part.  The  anterior  part  radiates 
from  the  front  of  the  internal  condyloid  eminence  of  the  humerus,  and  is 
inserted  into  the  coronoid  process,  along  the  inner  margin  of  the  sigmoid 
cavity.  The  posterior  part,  of  the  same  triangular  form,  passes  from  the 
under  and  back  part  of  the  condyloid  eminence  downwards  to  the  inner 
border  of  the  olecranon  ;  and  some  fibres  are  connected  with  a  small  trans- 
verse band  over  the  notch  between  the  olecranon  and  the  coronoid  process. 

The  external  lateral  ligament,  intimately  connected  with  the  tendinous 
attachment  of  the  extensor  muscles,  is  shorter  and  much  narrower  than  the 
internal.  It  is  attached  superiorly  to  the  external  condyloid  eminence  of 
the  humerus,  and  inferiorly  becomes  blended  with  the  annular  ligament 
of  the  radius  ;  some  of  its  hinder  fibres  are  prolonged  to  the  external  margin 
of  the  ulna. 

The  anterior  ligament  consists  of  a  thin  sheet  of  fibres  extending  down- 
wards from  above  the  coronoid  pit  of  the  humerus,  and  protecting  the 
anterior  part  of  the  synovial  membrane  ;  it  is  strongest  in  its  middle  part. 

The   posterior   ligament   is  comparatively  thin 
and  weak,  and  consists  of  loose  and  irregular  fibres  Fig-  131. 

passing  transversely  across  the  olecranon  fossa  of  the 
humerus,  and  from  the  sides  of  that  fossa  to  the 
olecranon  process,  thus  completing  the  capsule  of 
the  joint  behind. 

Fig.  131. — Vertical  Antero-Posterior  Section  op  the 
Elbow- Joint  through  the  Greater  Siomoid  Cavity  op 
THE  Ulna  and  corresponding  Trochlear  surface  op 
the  Humerus.  ^ 

1,  cut  surface  of  the  humerus  ;  2,  that  of  the  ulna  ;  3, 
posterior  part,  and  4,  anterior  part  of  the  synovial  cavity  of 
the  joint ;  5,  orbicular  ligament  enclosing  the  head  of  the 
radius  ;  6,  tendon  of  the  biceps  muscle  at  its  insertion  into 
the  tuberosity ;  7,  is  at  the  lower  end  of  the  round  ligament. 


The  synovial  membrane  extends  upwards  on  the 
humerus  so  far  as  to  line  the  fossae  for  the  coronoid 
and  olecranon  processes,  and  is  loose  and  vascular 
in  the  latter  positions.  It  is  prolonged  round  the 
head  and  neck  of  the  radius,  which  it  separates  from 
the  smaller  sigmoid  cavity  and  annular  ligament. 

Movements  -Flexion  and  extension  are  the  only  movements  which  can  take  place 
between  the  humerus  and  ulna,  and  these  are  limited  by  the  locking  of  the  coro- 
noid and  olecranon  processes  in  the  respective  fossee  of  the  humerus  which  receive 
nnlw;,/    ol?       °^  ^  ""^^"^'y  vertical  plane,  with  a  direction  slightly 

whiToL  TT  °^  the  trochlea  being  prominent  below,  forms  an  expansion 
Tnd  u  Z  ,\    J"""  "''"'"■f  projection  of  the  coronoid  part  of  the  ulnar  surface, 

and  IS  only  brought  mto  use  in  flexion ;  and  the  outer  lip  of  the  trochlea  being  everted 

and  which  then  corresponds  to  a  surface  on  the  outer  aspect  of  the  olecranon,  whid 
comes  in  contact  with  no  other  part  of  the  humerus.    In  flexion  and  extension  "he 

SSr^eranVSeZlr"!  ^'^P^^"'^™'        ^  the  groove  blv  ^ 

coSt  wifh  H,.  V  *°       «'>P-    It  is  most  completely 

ull  ex  eStion  In  r      ^^''P^^'tionof  semi-flexion  and  semi-pronation. .  In 

in  Lnt  7   WW?  supination,  the  anterior  margin  of  the  head  of  the  radius  is  barelv 

Se  he^l  oni  ^  '•'V"^"'?'"  '^'^  f  ^^P^^'^'"'"-  In  full  flexion,  tl  e  LLia  of 
the  head  of  the  radius  rests  against  the  pit  above  the  capitulum.  ^ 
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THE  WRIST- JOINT  AND  ARTICULATIONS  OF  THE  HAND. 

The  radio-carpal  articulation,  or  wrist-joint,  is  formed  between  tlie  radius 
and  triangular  fibro-cartilage  above,  and  the  scaphoid,  semi-lunar  and  cunei- 
form bones  below.  The  superior  surface,  concave  both  transversely  and  from 
before  backwards,  is  subdivided  by  Unear  elevations  into  three  parts  corres- 
ponding to  the  three  bones  below,  the  innermost  part  being  formed  by  the 
fibro-cartilage.  The  inferior  surface,  convex  in  both  directions,  is  prolonged 
further  down  upon  the  carpal  bones  behind  than  in  front. 

The  internal  lateral  ligament  is  a  rounded  cord  passing  directly  down- 
wards from  the  extremity  of  the  styloid  process  of  the  ulna,  to  be  attached 
to  the  cuneiform  bone  ;  it  also  sends  some  fibres  to  the  anterior  annular 
ligament  and  the  pisiform  bone. 

The  external  lateral  ligament  extends  from  the  styloid  process  of  the 
radius  to  a  rough  surface  on  the  outer  side  of  the  scaphoid  bone,  some  of 
its  fibres  being  prolonged  to  the  trapezium,  and  also  to  the  anterior  annular 
ligament  of  the  wrist. 

The  anterior  ligament  (radio-carpal),  broad  and  membranous,  consists 
partly  of  fibres  which  have  a  nearly  transverse  direction,  partly  of  others, 
which  diverge  as  they  descend  from  the  anterior  border  of  the  radius  to  the 
scaphoid,  semi-lunar,  and  cuneiform  bones  :  some  of  them  are  continued  to 
the  OS  magnum. 

The  posterior  ligament  extends  obliquely  downwards  and  inwards,  from 
the  extremity  of  the  radius,  to  the  posterior  surface  of  the  first  row  of  the 
carpal  bones,  especially  the  cuneiform  bone  ;  its  fibres  are  prolonged  some 
distance  on  the  surface  of  the  carpal  bones. 

The  synovial  membrane  is  reflected  from  the  radius  and  the  triangular 
fibro-cartilage,  on  the  surrounding  ligaments,  and  after  lining  these,  passes 
to  the  opposed  surface  of  the  carpal  bones. 

The  Carpal  Articulations. — The  bones  of  the  carpus,  the  pisiform 
excepted,  are  so  arranged  in  two  rows,  that  while  only  slight  movement  can 
take  place  between  the  members  of  each  row,  a  considerable  amount  of 
movement  is  possible  between  the  two  rows.  The  surface  presented  by  the 
first  row  to  the  second  is  concave  both  transversely  and  from  before  back- 
wards in  the  greater  part  of  its  extent,  but  at  its  outer  side  it  is  bounded  by 
the  convex  part  of  the  scaphoid  bone.  The  opposing  surface  of  the  second 
row  is  concavo-convex  from  without  inwards,  the  concavity  being  formed  by 
the  trapezium  and  trapezoid,  the  convexity  by  the  os  magnum  and  unciform 
bone. 

The  tivo  rows  of  carpal  hones  are  united  by  dorsal,  palmar,  and  lateral 
ligaments.  The  lateral  ligaments  are  placed  one  at  the  radial,  the  other  at 
the  ulnar  border  of  the  carpus  ;  the  former  connects  the  scaphoid  bone  with 
the  trapezium,  the  latter  the  cuneiform  with  the  unciform.  The  dorsal 
ligaments  consist  of  fibres  passing  in  various  directions  ;  the  palmar  ligaments 
are  chiefly  composed  of  fibres  converging  towards  the  os  magnum. 

The  hones  of  the  first  row,  the  pisiform  bone  excepted,  are  united  by  inter- 
osseous, and  by  dorsal  and  palmar  ligaments.  The  inter-osseous  ligaments, 
placed  on  the  sides  of  the  semi-lunar  bone  on  a  level  with  its  superior  sur- 
face, connect  it  with  the  scaphoid  and  cuneiform  bones,  thus  completing  the 
inferior  wall  of  the  radio-carpal  joint.  The  dorsal  and  palmar  ligaments, 
each  two  in  number,  extend  transversely  on  the  dorsal  and  palmar  surfaces 
from  the  scaphoid  bone  to  the  semi-lunar,  and  from  the  semi-lunar  to  the 
cuneiform 
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The  bones  of  the  second  roio  are  connected  by  simUar  means.  The  dorsal 
and  palmar  ligaments,  each  three  in  number,  pass  transversely  between  the 
contiguous  bones.    The  inter-osseous  ligaments  are  generally  three  (but 


Fig.  132. 


B 


Fig.  132,  A.— DossAi,  view  of  the  deeper  Ligaments  op  tbe  Wkist-Joint,  and  op 
THE  Cakpal  and  Carpo-Metaoaepal  Articulations  (after  Arnold).  4 

1,  lower  part  of  the  ulna  ;  2,  external  lateral  ligament  of  the  wiist-joint ;  3,  internal ; 
near  it,  descending  obliquely  to  6,  from  the  radius,  the  dorsal  radio-carpal  ligament ;  4 
to  5,  transverse  dorsal  ligaments  of  the  first  row  :  4,  is  on  the  scaphoid  ;  5,  on  the  semi- 
lunar bone  ;  6,  cuneiform  bone,  with  the  attachment  of  the  dorsal  radio-carpal  ligament ; 

7,  trapezium  ;  8,  trapezoid  ;  9,  os  magnum  ;  10,  unciform  ;  11  to  15,  first  to  fifth 
metacarpal  bones ;  7  to  8,  8  to  9,  and  9  to  1 0,  transverse  dorsal  ligaments  of  the  second  row 
of  carpal  bones  ;  4  to  8,  4  to  9,  5  to  9,  and  others,  dorsal  ligaments  between  the  first 
and  second  row  ;  8  to  12,  9  to  13,  and  others,  dorsal  ligaments  from  the  second  row  to 
the  metacarpal  bones  ;  between  the  metacarpal  bones,  from  11  to  15,  the  dorsal  inter- 
metacarpal ligaments. 

Fig.  132,  B. — Palmar  view  op  the  Ligaments  op  the  Wrist- Joint,  and  op  the 
Carpal  and  Carpo-Metacarpal  Articulations,  i 

The  anterior  radio-carpal  ligament  has  been  removed  :  1,  anterior  ligament  of  the  lower 
radio-ulnar  articulation  ;  2,  external,  and  3,  internal  lateral  ligament  of  the  wrist-joint; 
4,  scaphoid  bone  ;  5,  semilunar  ;  6,  cuneiform  ;  7,  pisiform,  with  the  tendon  of  flexor 
carpi  ulnaris  attached  ;  4  to  5,  and  5  to  6,  palmar  transverse  ligaments  of  the  first  row  ; 

8,  external  lateral  ligament  between  the  first  and  second  row  of  carpal  bones;  9,  trapezium 
(the  trapezoid  is  not  numbered) ;  10,  os  magnum  ;  11,  hooked  process  of  the  unciform  bone  ; 
9  to  10,  10  to  11,  and  others,  transverse  palmar  ligaments  of  the  second  row  ;  4  to  10, 
and  6  to  10,  some  of  the  palmar  ligaments  uniting  the  two  rows,  converging  on  the  os 
magnum  ;  7  to  11,  ligament  from  the  pisiform  bone  to  the  unciform  process  ;  7  to  16,  liga- 
ment from  the  pisiform  to  the  fifth  metacarpal  bone  ;  12,  external  ligament  of  the  first 
carpo-metacarpal  articulation,  the  internal  of  which  is  also  shown  ;  13,  14,  15,  16,  the 
proximal  ends  of  the  second  to  the  fifth  metacarpal  bones,  on  which  the  palmar  transverse, 
and  on  three  of  them,  a  set  of  piso-metacarpal  ligaments  are  shown. 

sometimes  only  two)  in  number,  a  strong  ligament  being  placed  between  the 
08  magnum  and  unciform  bones,  another  between  the  trapezoid  and 
trapezium,  and  a  slender  ligament  between  the  os  magnum  and  trapezoid. 
A  small  inter-osseous  ligament  is  also  sometimes  found  between  the  os 
magnum  and  the  scaphoid.     (Fig.  133.) 
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The  synovial  cavity  of  tlie  carpal  articulations  is  extensive  and  complicated. 
Passing  between  the  two  rows  of  carpal  bones,  it  sends  likewise  two  processes 
between  the  three  bones  of  the  first  row,  and  three  between  the  four  bones 
of  the  second.  It  is  further  continued  downwards  into  the  four  lower  carpo- 
metacarpal and  three  intermetacarpal  articulations  of  the  ulnar  side.  In  some 
nire  cases  there  is  continuity  with  the  synovial  membrane  of  the  wrist-joint, 
by  deficiency  of  one  of  the  interosseous  ligaments  between  the  carpal  bones. 

pj„  J33  Fig.  133. — Tbansverse  Section  of  the  Syno- 

°'       '  VIAL  Cavities  op  the  Inferior  Radio- 

ulnar, Radio- Carpal,  Inter-Carpal,  and 
Carpo-Metaoarpal  Articulations.  ^ 

1,  points  to  the  triangular  fibro-cartilage 
below  the  ulna  ;  2,  placed  on  the  ulna,  points 
to  the  cavity  of  the  sacciform  synovial  mem- 
brane ;  3,  external  lateral,  and  4,  internal 
lateral  ligament,  and  between  them  the  synovial 
cavity  of  the  wrist ;  5,  scaphoid  bone  ;  6,  semi- 
lunar ;  7,  cuneiform  ;  8,  8,  upper  portion, 
and  8',  8',  lower  portion  of  the  general  synovial 
cavity  of  the  intercarpal  and  carpo-meta- 
carpal  articulations ;  between  5  and  6,  and  6 
and  7,  the  interosseous  ligaments  are  seen  sepa- 
rating the  carpal  articular  cavity  from  the  wrist- 
joint  ;  between  the  four  carpal  bones  of  the 
lower  row,  and  between  the  magnum  and 
scaphoid  the  interosseous  ligaments  are  also 
shown ;  the  upper  division  of  the  synovial  cavity 
communicates  with  the  lower  between  10  and 
11,  and  between  11  and  12  ;  x,  marks  one  of 
the  three  interosseous  metacarpal  ligaments  ; 
9',  separate  synovial  cavity  of  the  first  carpo- 
metacarpal articulation  ;  13,  first,  and  14,  fifth,  metacarpal  bone. 

Note.  It  is  to  be  observed  that  in  this  figure,  and  in  others  of  a  like  kind  which 
represent  the  joint  cavities,  the  white  or  black  lioes  indicating  the  synovial  membranes 
are,  for  the  sake  of  clearness,  generally  represented  as  passing  over  the  surfaces  of  the 
articular  cartilages,  although  this  is  not  the  case  in  nature.  These  lines  therefore  must 
be  held  to  represent  merely  the  whole  continuity  of  the  articular,  or,  as  they  are  often 
called,  the  synovial  surfaces. 

The  pisiform  hone  is  articulated  by  a  fibrous  capsule  and  synovial  mem- 
brane with  the  cuneifonn  bone.  Inferiorly  it  is  united  by  two  strong  liga- 
ments with  the  unciform  and  fifth  metacarpal  bones,  and  is  sometimes  also 
connected  with  other  metacarpal  bones  ;  superiorly  it  receives  the  tendon 
of  the  flexor  carpi  ulnaris  muscle.  The  synovial  membrane  is  usually  distinct, 
but  sometimes  communicates  with  that  of  the  radio-carpal  articulation. 

The  anterior  annular  ligament  of  the  wrist  is  a  strong  and  thick  band, 
which  extends  from  the  prominences  made  by  the  trapezium  and  scaphoid 
bone  on  the  radial  side  of  the  carpus,  directly  across  to  the  pisiform  bone 
and  unciform  process,  and  converts  the  transverse  arch  of  the  carpus  into 
a  ring  through  which  the  flexor  tendons  of  the  digits  pass  into  the  hand. 

The  posterior  annular  ligament,  placed  at  the  back  of  the  wrist,  is  only 
a  thickened  part  of  the  aponeurosis  of  the  forearm.  It  extends  from  the 
lower  part  of  the  radius,  at  its  outer  border,  to  the  inner  part  of  the  cunei- 
form and  pisiform  bones,  and  serves  to  bind  down  the  extensor  tendons. 

CONNECTION  OF  THE  METACARPAL  BONES  WITH  THE  CARPDS,  AND  WITH 

EACH  OTHER. 

The  four  inner  metacarpal  bones  are  bound  together  at  their  distal  extre- 
mities by  thin  fibres  passing  between  them,  and  constituting  on  their  palmar 
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aspect,  the  transverse  ligament.  At  their  proximal  extremities  they  are 
united  to  one  another  and  to  the  carpal  bones  in  articulations,  the  common 
synovial  lining  of  which  is  derived  from  that  of  the  carpal  joint.  In  these 
articulations  the  four  metacarpal  bones  are  bound  together  by  three  dorsal, 
and  three  palmar,  and  by  strong  interosseous  ligaments.  There  are  also 
dorsal  ligaments  imiting  these  metacarpal  bones  with  the  carpus,  each  having 
two  such  ligaments  except  the  fifth.  Thus  to  the  second,  or  that  of  the  fore- 
finger, a  thin  fasciculus  of  fibres  passes  from  the  trapezium,  and  another 
from  the  trapezoid  bone  ;  the  third  receives  one  from  the  trapezoid,  and 
from  the  os  magnum  ;  the  fourth  from  the  os  magnum  and  also  from  the 
imciform  ;  but  the  fifth  is  connected  with  the  unciform  only.  The  palmar 
ligaments  are  not  so  well  defined  ;  there  is  a  single  band  to  each  bone, 
except  that  of  the  little  finger.  There  is  likewise  an  interosseous  band  in 
one  part  of  the  carpo-metacarpal  articulation,  connecting  the  lower  and 
contiguous  angles  of  the  os  magnum  and  unciform  to  the  adjacent  angle  of 
the  third  metacarpal  bone.  This  ligament  is  usually  surrounded  by  a  part 
of  the  general  synovial  membrane,  but  sometimes  it  separates  the  cavity  be- 
tween the  unciform  and  two  inner  metacarpal  bones  from  the  rest  of  the  joint. 

The  first  metacarpal  hone  is  unconnected  with  the  others,  and  is  articu- 
lated with  the  trapezium  by  an  external  and  internal  ligament,  a  capsular 
investment,  and  a  distinct  synovial  membrane. 


ARTICULATIONS  OF  THE  METACARPAL  BONES  WITH  THE  PHALANGES,  AND  OF 
THE  PHALANGES  WITH  BACH  OTHER. 


The  rounded  head  of  each  of  the  last 
four  metacarpal  bones,  being  received  into 
the  slight  concavity  in  the  extremity  of 
the  first  phalanx,  is  maintained  in  its 
position  by  two  lateral  ligaments,  an  an- 
terior ligament,  and  a  synovial  mem- 
brane. 

The  lateral  ligaments  consist  of  dense 
and  thick  fasciculi  of  fibres,  placed  one  at 
each  side  of  the  joint  ;  they  are  attached 
each  by  one  extremity  to  the  side  of  the 

Fig.  134. — General  view  of  the  Articulations 


Fig.  134. 


OP  THE  Wrist  and  Hand  from  before. 


1,  lower  part  of  the  interosseous  membrane  ;  2, 
and  from  that  point  across  the  lower  end  of  the  radius, 
the  palmar  radio-carpal  ligaments  ;  3,  scaphoid 
bone ;  4,  pisiform  ;  6,  trapezium  ;  6,  unciform  ;  7,  os 
magnum,  with  most  of  the  deeper  ligaments  uniting 
these  bones  ;  I,  first  metacai-po-phalangeal  articu- 
lation with  its  external  lateral  ligament ;  II  to  V, 
transverse  metacarpal  ligament  :  in  the  several 
phalangeal  articulations  the  lateral  ligaments  are 
shown ;  in  the  first  the  external  only  is  visible. 

metacarpal  bone,  and  by  the  other  to  the 
anterior  ligament  and  the  contiguous  ex- 
tremity of  the  phalanx.  The  direction  of 
the  fibres  is  downwards  and  forwards. 

The  anterior  or  'palmar  ligament  or  rathar  fibrous  plate,  occupies  the 
interval  between  the  lateral  ligaments  on  the  palmar  aspect  of  each  joint  ;  it 
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is  a  thick  and  dense  fibro-cartilaginous  structure,  which  is  firmly  united  to 
the  first  phalangeal  bone,  and  but  loosely  adherent  to  the  metacarpal.  It  is 
continuous  at  each  side  with  the  lateral  ligament,  so 
that  the  three  form  one  undivided  structure  which 
covers  the  joint,  except  on  the  dorsal  aspect.  Its 
palmar  surface  is  grooved  for  the  flexor  tendon,  whose 
sheath  is  connected  to  it  at  each  side  ;  the  other  sur- 
face, looking  to  the  interior  of  the  joint,  is  lined  by  the 
synovial  membrane,  and  supports  the  head  of  the 
metacarpal  bone.  In  the  joint  of  the  thumb  there 
are  two  sesamoid  bones,  one  situated  at  each  side,  which 
are  connected  with  its  ligaments. 

Fig.  1.35. — Longitudinal  Antero-Posterior  Section  through 

THE   LOWER  PART  OF  TOE  RADIUS,   THE  CarPUS,  SEMILUNAR 

Bonk,  Os  Magnum,  Metacarpal  Bone,  and  Phalanges  of 
THE  Middle  Finger,  to  show  the  shape  of  the  Articular 
Surfaces  and  Synovial  Cavities  between  these  several 
Bones.  ^ 

1,  synovial  cavity  of  the  wrist-jolnt ;  2,  intercarpal  cavity  ;  3, 
carpo-metacarpal  cavity  ;  4,  metacarpo-phalangeal  cavity ;  5 
and  6,  phalangeal  cavities;  4',  5',  and  6',  the  palmar  fibro- 
cartilaginous plates  which  are  attached  to  the  base  of  the  several 
l^halanges  ;  7,  indicates  the  place  of  the  tendons  of  the  long 
flexor  muscles ;  8,  a  transverse  section  of  the  anterior  annular 
ligament ;  9  and  10,  transverse  retinacula  or  vaginal  ligaments 
of  the  flexor  tendons  on  the  first  and  second  phalanges. 

A  synovial  membrane  is  present  in  each  joint,  and 
invests  the  surface  of  the  ligaments  which  connect  the 
bones. 

The  pJialanges  are  articulated  with  one  another,  on 
the  same  plan  as  that  which  obtains  in  the  articulations 
between  the  bases  of  the  proximal  phalanges  with  tJie 
metacarpal  bones. 

Movements  of  the  Wrist  and  Fingers. — In  the  radio-carpal  and  common  carpal 
articulations,  there  is  allowed  not  only  flexion  and  extension,  but  a  certain  amount  of 
lateral  bending.  The  superior  articular  surfaces  of  both  ranges  of  carpal  bones  being 
prolonged  further  on  the  dorsal  than  on  the  palmar  aspect,  over-extension  is  allowed 
in  both  joints  to  some  degree.  In  over-extension  the  opposing  surfaces  are  most  per- 
fectly adapted  to  each  other ;  in  flexion,  they  ai'e  least  so.  The  kind  of  movement 
which  is  allowed  between  the  carpal  and  metacarpal  bones  is  best  illustrated  by  placing 
the  hand  in  such  a  position  that  the  weight  of  the  body  is  rested  upon  the  open 
palm.  The  metacarpal  range,  which  naturally  is  concave  towards  the  palm,  is  flattened  ; 
and  the  metacarpal,  interosseous,  and  palmar  ligaments  are  thus  tightened,  while  a 
slight  separation  of  the  opposed  surfaces  of  the  bones  takes  place ;  so  also  the  palmar 
carpo-metacarpal  ligaments  are  tightened,  and  both  palmar  and  interosseous  liga- 
ments of  the  second  range  of  carpal  bones.  The  convex  part  of  the  os  magnum  and 
unciform  bone,  fitted  in  those  circumstances  into  the  concavity  of  the  first  range,  is  a 
little  wider  than  the  part  usually  in  contact  with  it ;  and  thus,  while  the  bones  of  the 
second  range  are  separated  from  the  distal  side,  those  of  the  first  range  are  pressed 
still  more  separate  from  the  palmar  aspect,  and  their  interosseous  ligaments  are 
put  upon  the  stretch.  The  whole  arrangement  secures  elasticitj'.  The  fourth 
and  fifth  metacarpal  bones,  being  more  moveable  at  their  carpal  articulation  than 
the  second  and  third,  bend  forward  very  distinctly  in  shutting  the  hand,  thus 
rendering  the  palm  more  hollow,  and  bringing  the  tips  of  the  fingers  more  closely 
together :  the  movement  is  one  of  coaptation.  At  the  phalangeal  articulations  the 
only  movement  allowed  is  that  of  flexion  and  extension,  and  over-extension  is  pre- 
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vented  by  the  ligamentous  structures  in  front  of  the  joints.  At  the  metacarpo- 
phalangeal articulations  there  is  allowed,  in  addition,  a  movement  of  abduction  and 
adduction,  but  that  chieflj'  in  the  extended  position.  In  the  articulation  of  the  meta- 
carpal bone  of  the  thumb  with  the  trapezium  every  movement  is  allowed  except 
rotation,  which  is  prevented  by  the  shape  of  the  articular  surfaces.         .  \^jL^ 

ARTICULATIONS  OF  THE  PELVIS. 

Articttlation  of  the  Pelvis  with  the  last  Lumbak  Vertebra. — The 
fifth  lumbar  is  united  to  the  first  sacral  vertebra  by  anterior  and  posterior 
ligaments  of  the  body,  ligamenta  subflava  of  the  arch  and  interspinous 
ligaments,  and  by  an  intervertebral  plate,  all  of  which  are  similar  to  those 
between  the  vertebras  above.  It  is  also  attached  to  the  pelvis  by  two  other 
ligaments,  as  follows  : — 

The  sacro-vertebral  ligament  extends  obliquely  from  the  tip  of  the  trans- 
verse process  of  the  last  lumbar  vertebra  downwards  to  the  depressed  lateral 
pai-t  of  the  base  of  the  sacrum  ;  its  form  is  triangular,  and  its  fibres  diverge 
as  they  descend,  some  of  them  joining  the  anterior  sacro-iliac  ligament. 

The  ilio-lumbar  ligament  is  extended  horizontally  between  the  summit  of 
the  transverse  process  of  the  last  lumbar  vertebra  and  the  iliac  crest  of  the 
innominate  bone  ;  it  is  inserted  into  the  latter  at  the  back  part  of  the  iliac 
fossa,  where  its  fibres  expand  somewhat,  so  as  to  give  it  a  triangular  form. 

Articulation  of  the  Sacrum  and  Oocjcyx,  and  of  the  Pieces  of  the 
Coccyx. — These  articulations  are  efiected  by  an  anterior  ligament,  consisting 
of  irregular  fibres  placed  in  front  of  the  bones,  a  prolongation  of  the 
anterior  common  ligament  of  the  vertebrae  ;  by  a  posterior  ligament  more 
strongly  marked,  composed  of  fibres  which  descend  upon  the  bones  of  the 
coccyx  from  the  margin  of  the  inferior  orifice  of  the  sacral  canal ;  and  by 
intervertebral  discs  between  the  contiguous  surfaces  of  the  bones, 

A  synovial  membrane  has  been  stated  by  Cruveilhier  ("Anatomie  descriptive," 
torn.  i.  p.  356.  Paris,  1834),  to  be  present  in  those  cases  in  which  the  coccyx  is  freely 
moveable.  This  is  in  conformity  with  the  more  recent  observations  of  Luschka  on 
the  other  intervertebral  discs.  In  the  male,  after  middle  life,  the  union  between  the 
sacrum  and  coccyx,  and  that  between  the  pieces  of  the  latter,  is  usually  ossific.  In 
the  female  this  change  does  not  generally  occur  till  a  more  advanced  age ;  the 
pieces  of  the  coccyx  uniting  one  to  another  in  the  first  place,  and  the  joint  between 
the  sacrum  and  coccyx  not  ossifying  till  old  age.  The  mobility  seems  to  increase 
during  pregnancy. 

The  sacro-iliac  articulation,  often  named  the  sacro-iliac  symphysis,  or 
synchondrosis,  is  formed  between  the  adjacent  portions  of  the  sacrum  and 
ilium,  the  auricular  surfaces  of  which  are  coated  with  cartilage,  and  the 
remaining  parts  are  united  by  strong  ligaments  (see  fig.  139). 

The  auricular  cartilaginous  plate  unites  the  bones  with  great  firmness. 
When  the  ilium  and  sacrum  are  forcibly  torn  asunder,  this  plate  usually 
separates  into  two  layers,  one  of  which  adheres  to  the  surface  of  each  bone. 
In  some  instances  a  small  cavity  naturally  exists  between  these  two  plates 
of  cartilage.  Even  when  separated  in  part,  however,  these  plates  are  very 
closely  applied,  and  admit  only  a  limited  amount  of  movement.  They  are 
then  sometimes  slightly  united  by  delicate  tissue,  and  in  advanced  life,  small 
spaces  containing  glairy  fluid  are  liable  to  be  formed  between  them.  The 
cavity  of  this  articulation  becomes  more  apparent,  and  the  ligaments  some- 
what looser  before  parturition. 

The  posterior  sacro-iliac  ligament,  much  the  thicker,  consists  of  a  large 
number  of  strong  irregular  fibres  extending  across  the  interval  between  the 
posterior  rough  portion  of  the  lateral  surface  of  the  sacrum  and  that  part  of 
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tlie  ihum  which  projects  beyond  the  dorsum  of  the  sacrum,  A  superficial 
band  extoudiug  downwards  from  the  posterior  superior  iliac  spine  to  the 
third  or  fourth  piece  of  the  sacrum,  in  a  direction  diflfereut  from  the  other 
fibres,  is  distinguished  as  the  ohlique  sacro-iliac  Iwjament. 

The  anterior  sacro-iliac  ligament  consists  of  thin  irregular  fibres  passing 
between  the  sacrum  and  os  innominatum  on  their  pelvic  surfaces. 

Fig.  136, 


Fig.  136. — Articulations  of  the  Pelvis  and  Hip-Joint,  seen  from  before.  The 

ANTERIOR  HALF  OF  THE  CAPSULAR  LiGAMENT  OF  THE  LEFT  HiP-JoiNT  HAS  BEEN 
REMOVED,  AND  THE  FemUR  ROTATED  OUTWARDS.  ^ 

1,  1,  anterior  common  ligament  of  the  bodies  of  the  vertebrae  passing  down  over  the 
two  lowest  lumbar  vertebrae  to  the  front  of  the  sacrum  and  coccyx  ;  '2,  ilio-lumbar  liga- 
ment ;  3,  anterior  sacro-iliac  ligament ;  between  2  and  3,  on  the  right  side,  the  sacro- 
vertebral  ligament  is  shown,  but  not  with  sufficient  distinctness  ;  4,  placed  in  the  great 
sacro-sciatic  foramen,  points  to  the  lesser  sacro-soiatic  ligament ;  5,  a  portion  of  the  great 
sciatic  ligament ;  6,  the  anterior  ligament  of  the  symphysis  pubis  ;  7,  the  obturator  mem- 
brane or  ligament  ;  8,  the  capsular  ligament  of  the  right  hip-joint :  the  figure  is  placed  on  its 
ilio-femoral  band  ;  9,  the  upper  part  of  the  divided  capsular  ligament  of  the  left  hip- 
joint  near  the  place  of  its  attachment  to  the  border  of  the  acetabulum  ;  10,  placed  on  the 
OS  pubis  of  the  left  side  above  the  transverse  ligament  of  the  acetabular  notch.  The 
head  of  the  femur  is  withdrawn  partially  from  the  socket,  so  as  to  show  the  round 
ligament  stretched  from  the  transverse  ligament. 

The  sacko-sciatic  ligaments. — The  posterior,  or  great  sacro-sciatic  liga- 
ment, elongated,  broad,  and  triangular,  is  placed  at  the  inferior  and  poste- 
rior part  of  the  pelvis,  whose  lower  aperture  it  assists  in  closing.  Its  base 
or  broader  part  is  attached  to  the  postero-inferior  iliac  spine  and  to  the 
side  of  the  sacrum  and  coccyx  ;  whilst  its  other  extremity  is  fixed  along  the 
inner  surface  of  the  ischial  tuberosity,  where  it  expands  somewhat,  and 
sends  upwards  and  forwards  along  the  margin  of  the  ischial  ramus  a  falci- 
form process,  the  border  of  which  is  continuous  with  the  obturator  fascia, 
forming  the  inferior  attachment  of  that  structure. 

The  anterior,  or  small  sacro-sciatic  ligament,  much  shorter  and  thinner 
than  the  preceding  one,  in  front  of  which  it  lies,  is  attached  by  its  base 
to  the  side  of  the  sacrum  and  coccyx,  where  its  fibres  are  blended  with 
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those  of  the  great  ligament  ;  and,  by  its  apex,  to  the  spine  of  the  ischium. 
Its  form  is  triangular,  and  the  direction  of  its  fibres  is  forwards  and  outwards. 


Fig.  137.  LlGAMKNTS  OP  THE  PeLVIS  AND  HiP-JoiNT,    AS  SEEN  FROM  BEHIND  IN  THE 

EREOT  ATTITUDE  OP  THE  BODY,  FROM  A  FeMALE  SUBJECT.  j 

1  ilio-lumbar  ligament :  above  it  the  last  lumbar  intertransverse  ligament ;  2,  posterior 
sacro-iliac  ligaments,  the  short  and  the  oblique;  3,  great  sacro-sciatic  ligament;  4,  attach- 
ment of  the  lesser  sacro-sciatic  ligament  to  the  spinous  process  ;  5,  obturator  membrane 
or  ligament ;  6,  posterior  ligament  of  symphysis  pubis  ;  7,  7,  continuation  of  supraspinous 
ligaments  from  the  lower  lumbar  vertebrce  over  the  sacral  spines ;  8,  transverse  process  of 
last  lumbar  vertebra,  to  which  from  above  is  seen  descending  the  last  intertransverse 
ligament,  and  from  below  ascending  the  sacro- vertebral  ligament ;  9,  posterior  surface  of 
the  capsular  ligament  of  the  hip-joint.  The  posterior  ligaments  passing  between  the 
sacrum  and  coccyx  are  also  partially  shown. 

Foramina.  Between  the  upper  border  of  the  great  sacro-sciatic  liga- 
ment and  the  innominate  bone  is  a  large  space  subdivided  by  the  small 
sacro-sciatic  ligament.  The  part  which  lies  above  this  ligament  is  a  large 
oval  opening,  named  the  great  sacro-sciatic  foramen.  It  transmits  the  pyri- 
form  muscle,  the  great  sciatic  nerve,  and  the  gluteal  and  ischiatic  vessels 
and  nerves.  The  part  between  the  greater  and  lesser  sacro-sciatic  liga- 
ments, much  smaller  in  size,  and  bounded  in  front  by  the  smooth  surface 
between  the  spine  and  tuberosity  of  the  ischium,  is  the  small  sacro-sciatic 
foramen,  through  which  pass  the  obturator  interuus  muscle  and  the  internal 
pudic  vessels  and  nerve. 

The  PUBIC  ARTICULATION,  Or  symphysis  piihis,  is  the  connection  of  the  pubic 
bones  in  front,  and  is  effected  by  fibro  -cartilaginous  plates  and  ligaments. 
The  adjacent  surfaces  of  bone  are  each  coated  with  cartilage,  and  to  this  is 
attached  the  fibro-cartUage  which  unites  them.  The  fibro-cartilagc  is  thicker 
and  stronger  in  front  than  behind,  and  generally  contains  a  synovial  cavity 
towards  the  back  part  of  the  joint.  The  ligaments  are  named  anterior, 
posterior,  superior,  and  inferior.  The  anterior  pubic  ligament  consists 
of  irregular  fibres  passing  obliquely  across  from  bone  to  bono  in  front  of  the 
symphysis.    The  superior  and  posterior  ligaments  consist  of  only  a  few  fibres 
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on  the  upper  and  hack  part  of  the  articulation.  The  inferior  or  sub-pubic  Hga- 
meutj  thick  and  triangular,  is  attached  to  the  rami  of  the  pubic  bones,  gives 

Fig.  138. — EiQHT  nALP  op  a  Female 
Pelvis,  seen  pkom  the  inner  side. 
An  opening  has  been  made  into 
THE  Acetabulum  to  show  the 
tightened  condition  op  the  Round 
Ligament  with  the  Femur  par- 
tially FLEXED  AND  ADDUOTED,  f 

1,  supraspinous  ligaments  descend- 
ing to  tbe  sacrum  from  2,  2,  the 
lumbar  spinous  processes;  3,  4,  tlie 
lumbar  and  sacral  spinal  canal,  with 
its  periosteal  lining  ;  5,  placed  on 
the  ilium  above  the  anterior  sacro- 
iliac ligament ;  6,  placed  in  the  great 
sacro-sciatic  foramen,  points  to  the 
lesser  sacro  sciatio  ligament ;  7,  greater 
sacro-sciatic  ligament,  with  T,  its 
continuation  over  the  inner  border  of 
the  tuberosity  of  the  ischium  ;  8,  a 
portion  of  the  wall  of  the  cotyloid 
cavity,  removed  so  as  to  give  a  view 
from  tbe  inside  of  the  head  of  the 
femur,  9,  with  the  round  ligament  put 
upon  the  stretch,  the  femur  being 
partially  flexed  and  adducted ;  10, 
the  inner  part  of  the  capsular  liga- 
ment relaxed ;  11,  the  shaft  of  the 
femur. 

smoothness  and  roundness  to  the  upper  part  of  the  sub-pubic  arch,  and 
forms  part  of  the  outlet  of  the  pelvis. 

The  obturator  membrane  or  ligament  is  a  fibrous  septum  attached  to  the 
border  of  the  thyroid  foramen,  which  it  closes  in  its  entire  extent,  except  at 
the  upper  and  outer  part  of  its  circumference,  where  a  small  oval  canal  is 
left  for  the  obturator  vessels  and  nerve.  The  membrane  is  fixed  accurately 
to  the  bony  margin  at  the  upper  and  outer  sides  of  the  foramen,  and  to  the 
posterior  surface  at  the  inner  side.  The  obturator  muscles  are  attached  to 
its  surfaces. 

MoA'^EMENTS. —  In  Ordinary  circumstances  there  is  very  little  movement  allowed 
between  the  bones  of  the  pelvis.  In  the  erect  posture  the  sacrum  is  thrown  so 
much  backwards  that  none  of  the  advantage  of  the  key-stone  of  an  arch  is  ob- 
tained by  the  tapering  of  its  form  from  base  to  apex.  It  is  only  by  the  sinuosities 
of  its  auricular  surfiices  that  it  directly  presses  on  the  hip-bones ;  and  as  tbe  width  of 
the  bone  rather  diminishes  at  the  upper  or  ligamentous  part,  the  principal  strain 
is  borne  by  the  posterior  sacro-iliac  ligaments,  from  which  the  sacrum  is  in  great 
measure  suspended  (see  fig.  139)  as  is  well  illustrated  by  the  giving  way  and 
bending  inwards  and  downwards  of  their  iliac  points  of  attachment  in  rickety 
deformities  of  the  pelvis.  Thus  the  structure  of  the  sacro-iliac  articulation  gives 
elasticity.  The  small  amount  of  movement  which  is  allowed  between  the  bones  of  the 
pelvis  in  the  ordinary  state  is  increased  during  parturition  in  this  way,  that  the  lower 
part  of  the  sacrum  being  pressed  backwards,  the  wider  part  of  the  edge  formed  by 
this  bone  is  forced  farther  between  the  ossa  innominata,  so  as  to  separate  them  to  a 
greater  degree,  and  thus  to  increase  the  capacity  of  the  pelvis.  In  some  subjects  it 
would  appear  that  in  pregnant  women  a  slight  amount  of  separation  may  occasionally 
occur  at  the  symphysis  from  the  extreme  looseness  of  the  connecting  parts ;  but  in 
general  it  is  more  probable  that  the  only  motion  at  the  symphysis  is  the  hinge-like 
movement  of  the  ossa  innominata  just  described,  and  that  the  cavity  of  the  pelvis 
owes  the  principal  increase  of  its  dimensions  in  parturition  to  the  same  cause.  (See 
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Wood,  article  "  Pelvis"  in  "  Cyclopifid.  of  Anat.  and  Phyfiiol ; "  Zaglas,  m  Monthly 
Journ.  of  Med.  Science,"  1851;  J.  M.  Duncan,  la  "Dublin  Quart.  Journ.  of  Med. 
Science,"  1854,  and  "Edin.  Med.  Journ.,"  1855.) 

AETICULATIONS  OF  THE  LOWER  LIMB. 

THE  HIP-JOINT. 

This  is  a  large  ball-and-socket  joint,  in  which  the  globular  head  of  the 
femur  is  received  into  the  acetabulum  or  cotyloid  cavity  of  the  innominate 

Fig.  139. 


Fig.  139. — Transverse  Oblique  Section  of  the  Pelvis  and  Hip- Joint,  outtino  the 
FIRST  Sacral  Vkrtebra  and  the  STjirnrsis  Pcbi6  in  their  middle,  from  a  Male 
subject  op  about  nineteen  years  of  aqe.  ^ 

1,  placed  above  tbe  middle  of  the  cut  surface  of  the  tirst  sacral  vertebra,  and  between 
the  divided  superior  articular  processes  ;  2,  tbe  divided  ilium  ;  3,  the  posterior  sacro -iliac 
ligaments  also  divided  ;  4,  4,  the  sacro-iliac  syuchondrosis,  with  a  slight  separation  between 
the  two  plates  of  cartilage  ;  5,  the  anterior  sacro-iliac  ligament ;  6,  the  anterior  or  short 
sacro-sciatic  ligament ;  7,  a  portion  of  the  posterior  or  long  sacro-sciatic  ligament  •  8 
placed  in  front  of  the  symphysis  pubis,  in  the  cut  surface  of  which  the  small  median 
cavity,  the  adjacent  fibro-cartilaginous  plates  and  the  anterior  and  posterior  ligamentous 
fibres  are  shown  ;  9,  the  lower  part  of  the  obturator  membrane  ;  10,  placed  on  the 
cartilaginous  surface  of  the  cotyloid  cavity  of  the  right  side,  through  the  middle  of  which 
the  incision  passes  transversely  and  divides  the  round  ligament  and  the  synovial  fat  of 
the  depression;  11,  the  cotyloid  ligament  or  fibrous  border;  12,  the  round  ligament  of 
the  left  side,  where  it  is  connected  with  the  transverse  part  of  the  cotyloid  ligament  •  13 
placed  on  the  cut  surface  of  the  head  of  the  left  femur  near  the  depression  where  the 
round  ligament  is  attached  ;  1  i,  14',  the  upper  and  lower  parts  of  the  capsular  ligament 
and  synovial  capsule. 
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bone.  Tho  articulating  surface  of  the  acetabulum  is  formed  by  a  broad 
nband-shaped  cai-tilage  occupying  tho  upper  and  outer  part,  and  folded 
round  a  depression  which,  extending  from  the  notch,  is  hollowed  out  in  the 
bottom  of  the  cavity,  and  is  occupied  by  delicate  adipose  tissue  covered 
with  synovial  membrane,  the  so-called  synovial  or  Haversian  gland.  The 
articulating  surface  of  the  femur  presents  a  little  beneath  its  centre  a  pit  in 
which  the  round  ligament  is  attached. 

The  cotyloid  ligament  forms  a  thick  ring  round  the  margin  of  the  aceta- 
bulum, increasing  the  depth  of  its  cavity,  and  bridging  over  the  deficiency  in 
its  border.  Its  external  surface  is  in  contact  with  the  capsular  ligament,  the 
internal  closely  embraces  the  head  of  the  femur,  and  both  are  covered  by 
the  synovial  membrane.  Its  fibres  do  not  run  parallel  to  the  circumference 
of  the  cotyloid  cavity,  but  pass  obliquely  from  without  inwards  over  its 
margin,  one  extremity  being  attached  to  the  outer,  the  other  to  the  inner 
surface. 

At  the  cotyloid  notch  the  fibres  of  the  ligament  are  continued  from  side 
to  side,  so  as  to  render  the  circumference  complete,  and  deeper  transverse 
fibres  are  superadded,  from  which  circumstance,  as  well  as  from  being 
stretched  across  from  one  margin  of  the  notch  to  the  other,  this  part  is 
called  the  transverse  ligament.  Subjacent  to  it  an  interval  is  left  for  the 
admission  of  the  articular  vessels. 

The  interarticxdar  or  round  ligament  (ligamentum  teres)  is  a  strong  fasci- 
culus surrounded  by  synovial  membrane,  implanted  by  one  extremity,  which 
is  round,  into  the  fossa  in  the  head  of  the  femur;  by  the  other,  which  is 
broad,  flat,  and  bifid,  into  the  margins  of  the  cotyloid  notch,  where  its 
fibres  become  blended  with  those  of  the  transverse  ligament.  It  rests  on 
the  fat  in  the  depression  of  the  acetabulum. 

The  capsular  ligament^  surroimding  the  joint,  is  attached  superiorly  in 
the  greater  part  of  its  extent  to  the  acetabulum,  within  two  or  three  lines 
from  the  cotyloid  ligament,  except  at  the  notch,  where  it  is  connected  with 
the  transverse  ligament.  At  its  femoral  border  it  extends  in  front  as  far 
as  the  anterior  intertrochanteric  line,  but  behind  it  falls  short  considerably  of 
the  posterior  intertrochanteric  ridge.  Its  strongest  part  is  in  front,  and  there 
its  fibres  extend  vertically  from  the  upper  part  of  the  acetabulum  to  the  lower 
part  of  the  intertrochanteric  line,  and  are  strengthened  by  a  firm  fasciculus, 
descending  from  the  anterior  inferior  spine  of  the  ilium,  called  the  accessory 
or  ilio-femoral  ligament.  On  its  superior  border  the  capsule  is  strengthened 
by  fibres  connected  with  the  insertion  of  the  gluteus  minimus  muscle.  The 
fibres  which  arise  in  front  of  the  notch  of  the  acetabulum  pass  down  in 
front  of  the  small  trochanter  ;  those  which  arise  behind  the  notch  pass 
towards  the  trochanteric  fossa  ;  and  between  those  two  fasciculi,  the  capsule 
is  extremely  weak,  and  its  fibres  pass  in  a  circular  direction,  so  that  oppo- 
site the  posterior  intertrochanteric  ridge  no  fibres  are  inserted  into  the  neck 
of  the  femur,  and  the  reflection  of  the  synovial  membrane  from  the  bone  to 
the  capsule  can  be  laid  bare  behind  the  neck  without  cutting  any  part  of  the 
capsule. 

The  synovial  membrane  lining  the  joint  and  ligament  is  reflected  from  the 
neck  of  the  femur  to  the  inner  surface  of  the  capsule  ;  passing  over  the  inner 
surface  of  the  capsule  to  the  margin  of  the  acetabulum,  it  is  reflected  from 
that  and  from  the  synovial  fiit  as  a  tubular  investment  of  the  round 
ligament  to  the  head  of  the  femur. 

Movements.— In  the  hip-joint  movement  is  allowed  in  every  direction.  Extension 
is  limited  by  the  capsular  ligament,  the  anterior  fibres  of  which  become  tense  in  that 
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position :  flexion  is  limited  only  by  the  contact  of  the  neck  of  the  femur  with  the 
acetaimhun.  The  round  ligament  is  put  upon  the  stretch  when  the  thigh  is  partially 
flexed  and  adducted;  it  tiierefore  resists  dislocation  upwards  and  backwards  on 
the  dorsum  ilii,  which  is,  notwithstanding  its  presence,  the  most  frequent  kind  of 
displacement.  The  round  ligament  is  also  put  upon  the  stretch  in  the  position  of 
flexion  and  external  rotation. 

THE  KNEE-JOINT. 

The  articular  surfaces  of  this  complicated  joint  are  the  condyles  of  the 
femur  and  tibia,  with  fibro-cartilages  interposed,  the  articulating  surface  of 
the  patella,  and  the  patellar  surface  of  the  femur.  The  action  is  mainly  that 
of  a  hinge-joint.    The  joint  is  strengthened  superficially  by  fibrous  coverings 


A 


Fig.  140. 


Fig.  140,  A,— Right  Kneb-Joint,  from  the  dtside  and  anteriorly,  i 
1,  tendon  of  the  rectus  muscle  near  its  insertion  into  the  patella ;  2,  insertion  of  the 
Tastus  mternus  into  the  rectus  tendon  and  side  of  the  mtella  •  ^  liaom»^t         .  i, 
descending  to  the  anterior  tuberosity  of  the  tibia -  4  ca?s„  ar  fibL  1^™^^^^^^ 

rciTjfriSdT^''^^^^^^^ 

Pig.  140,  B. — Knee- Joint  from  behind. 
1,  insertion  of  the  tendon  of  adductor  magnus  :  2,  oricin  of  thp  innpr  ho<,A  ^■^ 
cnemius  muscle;  3,  outer  head  of  the  same;  4,  cord-1  L  eSerT^^^^^^^ 
tendon  of  the  poplitcus  muscle  =  a  ligament  descending  frl  S  t^^^^^^^^^ 
the  femur  js  seen  attached  to  th  s  tendon  below  and  nnot),«r  ^l^Ji,  r   %  °^ 
is  attached  to  the  head  of  the  fibula  LsSin.thrSnr.     r        ^^^^    the  tendon 
6,  part  of  internal  lateral  ligament ;  7  tendoi"Jf"fh?,  'VnnLh    ""^  ^^^""^'^'^^  ' 

terior  ligament  of  Winslow,  spreading  outtards  from  the  fr^r^o"'  ^'  P"^" 

popliteal  fascia  downwards' from  theime  reits^nL  L 

fibula,  marks  the  posterior  superior  tibio-fiWlir  £ment    11   Zlr  Jart  "fl^  ^'^'^f 
osseous  ligament,  with  the  foramen  above  it  for  thelnterio;  tibial  a  ter? 
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i^rL'etZ'lTr'"'  ''"""T        ^P°-— •    The  ligaments  which 
m,  special  names  are  the  following  •— 

tiiberosity  of  the  femur  with  the  inner  tuberosity  and  the  hinder  border 
of  the  tibia  on  the  shaft  of  which  it  descends  for  some  distance.  Superiorly 
Its  deep  surface  rests  on  the  articular  synovial  membrane  ;  below  the  head 
01  tne  tibia  the  anterior  slip  of  insertion  of  the  semimembranosus  muscle 
passes  between  the  ligament  and  the  bone. 

The  external  lateral  ligament  is  a  rounded  cord,  which  extends  from  the 
external  tuberosity  of  the  femur  to  the  head  of  the  fibula.  Its  internal 
surface  corresponds  with  the  tendon  of  the  popliteus  mus.cle  and  the  inferior 
external  articular  vessels.    The  tendon  of  the  biceps  flexor  cruris  muscle 


Fig.  141. 


B 


Fig.  141,  A. — The  Knee-joint,  opened  prom  before  ;  the  Patella,  Capsule,  and 
Synovial  structdres  removed,  to  show  the  Ckuoial  Ligaments  and  Semilunar 
Cartilages.  ^ 

1,  external,  and  2,  internal  semilunar  cartilage  ;  3,  on  the  outer  condyloid  surface  of 
the  femur,  points  to  the  anterior  external  crucial  ligament ;  4,  placed  on  the  elevated  line 
separating  the  patellar  from  the  inner  condyloid  surface  of  the  femur,  points  to  the 
posterior  or  internal  crucial  ligament ;  5,  transverse  ligament  of  the  semilunar  cartilages  ; 
6,  part  of  the  ligamentum  patellse  ;  7,  on  the  head  of  the  fibula,  points  to  the  superior 
anteror  tibio-fibular  ligament ;  8,  upper  part  of  the  interosseous  membrane,  showing  the 
perforation  for  the  anterior  tibial  artery. 

Fig.  141,  B. — The  Knee-Joint,  opened  from  behind,  and  its  structures  removed,  so 
AS  to  expose  the  Crucial  Ligaments  and  Semilunar  Cartilages.  ^ 

1,  posterior  part  of  the  internal  semilunar  cartilage  ;  2,  external  semilunar  cartilage ;  3, 
upper  part  of  the  external  or  anterior  crucial  ligament ;  4,  lower  part  of  the  internal  or 
posterior  crucial  ligament :  farther  up  is  seen  its  accessory  band  joining  the  external  semi- 
lunar cartilage  ;  8,  upper  part  of  the  interosseous  membrane  ;  9,  back  part  of  the  internal 
lateral  ligament ;  10,  placed  on  the  head  of  the  fibula,  points  to  the  posterior  superior 
tibio-fibular  ligament  :  between  the  head  of  the  fibula  and  tlie  external  semilunar  cartilage 
(2)  is  seen  the  synovial  surface  of  the  tibia,  upon  which  the  semilunar  cartilage  descends 
in  flexion,  and  where  a  communication  sometimes  takes  place  between  the  synovial 
cavities  of  the  knee-joint  and  the  tibio-fibular  articulation. 
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is  frequently  divided  iuto  two  by  this  ligament,  and  between  the  ligament 
and  the  tendon  there  is  a  synovial  bursa.  Further  back  is  another  band, 
the  short  external  lateral  licjament,  the  arrangement  of  which  is  more  variable, 
often  connected  with  the  tendon  of  tho  poi^liteus  muscle,  and  occasionally 
terminating  in  the  capsular  membrane. 

The  poderior  lujammt  is  a  flat  fasciculus  of  fibres  passing  from  behind 
the  inner  tuberosity  of  the  tibia  upwards  and  outwards  to  the  external 
condyle  of  the  femur,  and  is  in  part  continuous  at  its  inner  end  with  the 
tendon  of  the  semi-membranosus  muscle. 

The  ligamentum  yatella,  is  a  strong  flat  band,  of  a  tendinous  nature, 
attached  superiorly  to  the  lower  extremity  of  the  patella,  and  the 
depression  beneath  its  articular  surface,  and  inferiorly  to  the  anterior 
tubercle  of  the  tibia.  Between  the  tibia  and  the  ligament,  near  its  insertion, 
is  placed  a  synovial  bursa.  If  the  patella  be  considered  a  sesamoid  bone,  this 
ligament  may  be  regarded  as  part  of  the  tendon  of  the  rectus  femoris  muscle. 

The  crvcial  ligaments,  placed  in  the  centre  of  the  joint,  pass  from  the 
sides  of  the  intercondyloid  fossa  to  the  spaces  in  front  of  and  behind  the  spine 
of  the  tibia.  They  decussate  somewhat  like  the  lines  of  the  letter  X.  The 
anterior  or  external  ligament  is  fixed  by  its  lower  extremity  to  the  inner 
part  of  the  pit  before  the  spine  of  the  tibia,  and  by  its  upper  extremity  it 
is  inserted  into  the  inner  and  hinder  part  of  the  external  condyle  of  the 
femur ;  hence  its  direction  is  upwards,  backwards,  and  outwards.  The 
posterior  or  internal  ligament  is  attached  inferiorly  to  the  back  of  the  pit 
behind  the  tibial  spine,  and  superiorly  to  the  fore  part  of  the  intercondyloid 
hollow,  as  well  as  slightly  to  the  side  of  the  inner  condyle  of  the  femur  ;  its 
fibres  are  directed  upwards  and  a  little  forwards. 

The  semilunar  cartilages  are  two  crescent-shaped  inter-articular  fibro- 
cartilages,  placed  on  the  articulating  surfaces  of  the  head  of  the  tibia,  and 
interposed  between  these  and  the  condyles  of  the  femur.  They  have  each  a 
sjmovial  smrface  above  and  below,  and  a  convex  border,  which  is  thick, 
while  the  concave  border  is  thinned  to  a  fine  edge,  and  the  part  of  the 
articular  surface  of  the  tibia  within  the  concave  border  of  each  cartilage  is 
left  uncovered.  At  their  extremities  they  are  fibrous,  and  are  firmly  fixed 
to  the  head  of  the  tibia,  whilst  by  the  circumference  they  are  connected 
with  the  fibrous  capsule  of  the  joint. 

Fig.  142. — View  of  the  Interarticular  Fibro-  Fi".  142. 

Cartilages  of  the  right  Knee-joint,  from 
above,  as  thev  lie  on  the  upper  surface  of  the 
Tibia,  with  the  Crucial  Ligaments  divided, 
AND  THE  Ligamentum  PATiiLLia  turned  for- 
wards. ^ 


1,  ligamentum  patellffi  ;  2,  the  inner,  or  semicircular 
fibro-cartilage  ;  3,  the  outer,  or  nearly  circular  one  ; 
4,  is  placed  above  the  anterior  tuberosity  of  the  tibia 
in  front  of  the  transverse  ligament ;  5,  the  cut  end  of 
the  anterior  crucial  ligament  directed  obliquely  to- 
wards the  outer  side  and  backwards  ;  6,  the  cut  end 
of  the  posterior  crucial  ligament,  from  which  fibres  are  seen  descending  to  the  outer 
fibro-cartilage ;  6  ,  tibia  attachment  of  the  posterior  crucial  ligament ;  7,  the  head  of  the 
fibula  ;  8,  the  synovial  surface  of  the  tibia,  which  extends  for  some  way  downwards 
towards  the  tibio-fabular  synovial  sac,  with  which  it  is  sometimes  continuous. 

The  internal  semihmar  cartilage,  elongated  from  before  backwards  is 
nearly  of  a  semicircular  form  :  its  anterior  cornu  is  smaU  and  pointed  Ld 
IS  msertcd  into  an  impression  at  the  fore  and  outer  part  of  the  internal 
articular  surface  of  the  tibia  ;  its  posterior  end  is  attached  to  the  inner 
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edge  of  tlie  hollow  behind  the  spine,  and  is  in  relation  with  the  posterior 
crucial  ligament. 

The  external  semilunar  cartilage  forms  nearly  a  complete  circle  ;  its  two 
cornua,  fixed,  one  before,  the  other  between  the  points  of  the  spine  of  the 
tibia,  are  so  close  at  their  insertion  that  they  may  be  said  to  be  interposed 
between  the  attachments  of  the  internal  semilunar  plate.  Its  external 
border  is  in  contact  behind  with  the  tendon  of  the  popliteus  muscle,  and  is 
therefore  separated  by  this  from  the  fibrous  capsule.  From  this  fibro- 
cartilage  a  ligamentous  band  ascends,  to  be  attached  to  the  inner  condyle  of 
the  femur  in  connection  either  in  front  or  behind  with  the  posterior  crucial 
ligament  (accessory  hand  of  the  posterior  crucial  ligament). 

Transverse  ligament. — Towards  the  front  of  the  joint  the  convex  borders 
of  the  inter- articular  fibro- cartilages  are  connected  by  a  slight  transverse 
band,  which  receives  this  name.  Its  thickness  varies  much  in  difierent 
bodies. 

Capsular  membrane. — Under  this  name  is  described  the  fibrous  tissue 
which  invests  the  joint  in  the  intervals  between  the  stronger  bands  which 
have  been  named  ligaments.  It  is  incomplete,  not  extending  underneath 
the  tendons  of  the  extensor  muscles.  Between  the  sides  of  the  patella  and 
the  femur  it  consists  of  fibres  connected  with  the  insertion  of  the  vasti 
muscles  and  with  the  fascia  lata,  and  thus  forms  the  structures,  uniting  the 
patella  to  the  tibia,  which  have  been  called  lateral  patellar  ligaments ; 

posteriorly  it  covers  the  condyles  of  the 
femur  beneath  the  gastrocnemius  muscle. 
In  this  last  situation  it  is  thin,  and  a 
sesamoid  bone  is  often  found  in  connection 
with  it  in  the  outer,  less  frequently  in  the 
inner  head  of  the  muscle. 


Fig.  143.  — Vertical  Antero-Posterior  Section 
OP  the  Left  Knee-Joint,  seen  fkom  the  outer 

OK  LEFT  SIDE.  5 

Tbe  section  is  made  somewhat  obliquely  a  little  to 
the  o\itside  of  the  middle,  so  as  to  preserve  entire  the 
crucial  ligaments  with  their  attachments  :  it  is  from 
a  young  subject  of  eighteen  or  nineteen  years.  1,  1, 
the  upper  portion  of  the  synovial  cavity  of  the 
joint,  showing  in  the  part  above  the  patella  the 
synovial  pouch  which  extends  upwards  between 
the  extensor  tendons  and  the  femur  ;  1',  an  aperture 
made  into  the  posterior  portion  of  the  synovial 
cavity ;  2,  2',  ligamentum  mucosum  ;  3,  ligamen- 
tum patellse ;  2',  3,  the  subpatellar  synovial  fatty 
cushion ;  4,  bursa  above  the  insertion  of  the  liga- 
mentum patellse  into  the  anterior  tibial  tuberosity  ; 
5,  5',  the  anterior  crucial  ligament ;  5',  points 
also  to  the  internal  semilunar  cartilage  within  the 
joint;  6,  lower  part  of  the  posterior  crucial  liga- 
ment, the  ujjper  part  of  which  is  towards  2  ;  6',  the 
accessory  band  joining  the  external  semilunar  carti- 
lage, which  is  cut  short ;  7,  the  spine  of  the  tibia. 

The  synovial  membrane  is  the  largest  in 
the  body.     Traced  downwards  from  the 
femur  on  either  side  of  the  joint,  it  may 
be  foUowed  from  the  capsule  to  the  upper  surface  of  the  semi-lunar 
cartilages,  round  the  free  borders  of  those  structures  to  then-  inferior  surfaces 
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and  thence  to  the  tibia.  The  crucial  ligaments  are  invested  in  front  by  a 
reflected  portion  of  the  membrane  continued  forwards  from  the  posterior 
wall  of  the  joint.  Between  the  tibia  and  patella  the  synovial  membrane 
lies  upon  a  largo  pad  or  cushion  of  fat,  on  the  surface  of  which  it  forms  two 
lateral  folds  (alar  ligaments)  which  lit  into  the  space  between  the  tibia, 
patella  and  femur,  while  from  the  middle  of  the  pad  it  sends  backwards  a 
cylindrical  process,  the  ligamciUum  nmcosum,  through  the  joint  to  the  front 
of  the  inter  condyloid  fossa.  Above  the  patella  the  synovial  membrane 
extends  upwards  some  distance,  forming  a  large  pouch  between  the  extensor 
tendons  and  the  femur. 

A[ovEMENTS,  &0. — In  ordcf  to  explain  the  nature  of  these  movements,  it  is  neces- 
sary to  state  some  considerations  with  regard  to  the  relations  of  the  several  parts  of 
the  knee-joint  to  each  other.  The  knee-joint  may  bo  regarded  as  consisting  of 
three  articulations  conjoined,  viz.,  that  between  the  patella  and  femur,  and  two  others, 
one  between  each  condyle  of  the  femur  and  the  tibia.  In  most  mammals  the  synovial 
membranes  of  those  three  joints  are  either  completely  distinct  or  communicate  with 
each  other  by  only  small  openings.  In  the  human  subject  the  ligamentum  mucosum 
is  an  indication  of  the  original  distinctness  of  the  synovial  membranes  of  the  inner 
and  outer  joint,  and  the  crucial  ligaments  may  be  looked  upon  as  the  external  and 
internal  lateral  ligaments  of  those  tAvo  joints  respectively.  Each  portion  of  the 
articular  surface  of  the  femur  belongs  either  to  one  or  other  of  the  three  component 
joints  of  the  knee,  and  no  part  is  common  to  any  two  of  them.    On  a  well-marked 

Fig.  144. 


Fig.  144. — The  snPEKFioiAL  parts  of  the  Knee-joint  uemoved,  and  the  E,tTERNAi, 
Condyle  op  tub  Femuu  sawn  off  obliquely,  togetuer  with  half  the  patella 
so  ah  to  expose  both  tue  crucial  ligaments  togbthkr.    ^  ' 

In  A,  the  parts  are  in  the  position  of  extension,  in  B,  that  of  flexion,  the  figures  bein" 
designed  to  show  the  different  state  of  tension  of  the  crucial  ligaments  in  these  positions" 
1,  sawn  surface  of  the  femur  ;  2,  sawn  surface  of  the  patella  ;  3,  ligamentum  patellte  • 
4,  an  tenor  or  external  crucial  ligament,  tense  iu  A,  and  relaxed  in  B  ;  6,  posterior' o^ 
internal  crucial  ligament,  relaxed  in  A,  tense  in  B  ;  6,  internal,  and  7,  external  semilunar 
cartilage  ;  8,  transverse  ligament ;  9,  articular  surface  of  the  tibia,  extending  behind 
the  external  semilunar  cartilage  ;  10,  on  the  head  of  the  fibula,  points  to  the  anterinr 
superior  tibio-peroneal  ligament ;  11,  upper  part  of  the  interosseous  membrane 
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femur,  the  inferior  limits  of  the  patellar  surface  are  quite  distinguishable ;  the  line 
■which  separates  this  surface  from  the  outer  tibial  joint  passing  directly  between  it 
and  the  condyle,  and  that  which  separates  it  from  the  inner  joint  being  continued 
backwards,  so  as  to  cut  off  from  the  rest  of  the  inner  condyle  a  narrow  tract  at  the 
side  of  the  inter-condyloid  fossa. 

Tlie  movement  of  the  patella  on  the  femur  is  one  partly  of  gliding,  partly  of 
coaptation.    This  is  illustrated  by  a  careful  examination  of  the  articular  surface  of 
the  patella,  which  is  not  uniformly  curved  from  above  downwards,  as  it  would  be, 
were  the  movement  one  of  gliding  only,  but  exhibits  on  each  side  of  the  vertical  ridge 
three  very  slightly  depressed  surfaces,  separated  by  two  slight  transverse  elevations, 
and  along  the  inner  margin  a  seventh  area,  upon  which  the  transverse  lines  do  not 
encroach  (Goodsir).    When  the  knee  is  extended,  and  the  patella  drawn  upwards  by 
the  extensor  muscles,  the  two  inferior  facets  of  the  patella  are  in  contact  with  the 
upper  margin  of  the  femoral  surface ;  in  semiflexion  the  middle  facets  only  are  in 
contact  with  the  femur;  in  greater  flexion,  the  superior  parts  of  the  patella  are 
in  contact  with  the  lower  part  of  the  femoral  surface ;  and  in  extreme  flexion  the 
patella,  which  has  been  gradually  turned  outwards  by  the  increasing  prominence  of 
the  inner  condyle,  rests  by  its  innermost  facet  on  the  inter-condyloid  margin  of  that 
condyle.    If  the  condyles  of  the  femur  be  examined  as  they  rest  upon  the  tibia  in  the 
flexed  position  of  the  joint,  it  will  be  seen  that  the  inner  condyle  is  more  elongated 
than  the  outer,  and  that  the  portion  of  the  inner  condyle  which  lies  in  front  of  the 
anterior  limit  of  the  external  condyle  inclines  obliquely  outwards,  to  reach  the  patellar 
surface.    In  the  movement  of  extension  the  condyles  move  parallel  to  one  another, 
until  complete  extension  is  nearly  reached,  and  then,  the  anterior  part  of  the 
rolling  surface  of  the  external  condyle  having  already  come  in  contact  with  the  tibia, 
the  inner  condyle  continues  to  glide  backwards,  and  brings  its  oblique  anterior  part 
into  contact  with  the  tibia,  so  that  the  bone  is  rotated  inwards  on  the  tibia,  and 
over-extension  is  prevented,  not  merely  by  the  tightness  of  the  ligaments,  but  by 
the  femur  being  pressed  up  against  the  tibial  spine.    In  complete  extension  the  lateral 
ligaments  and  the  external  cracial  ligament  are  tight,  while  the  posterior  crucial 
ligament  is  relaxed ;  in  flexion  the  external  lateral  and  external  crucial  ligaments 
become  relaxed,  and  the  posterior  crucial  ligament  is  tightened.    In  extension  of 
the  joint  no  rotation  of  the  leg  is  possible ;  in  the  flexed  condition  a  considerable 
amount  is  allowed.    When  the  weight  of  the  body  keeps  the  bones  in  their  position 
in  the  extended  knee,  the  extensor  muscles  are  relaxed,  the  patella  drops  down  from 
its  position  in  contact  with  the  femur,  and  the  ligamentum  mucosum  then  comes 
into  play,  supporting  the  synovial  membrane  and  fat  below  the  patella.    (See  Meyer, 
op.  cit.;  Goodsir,  in  "Edin.  Med.  Journ.,"  1855,  and  "Proceedings  of  Roy.  Soc.  of 
Edin.,"  1858;  Langer,  "  Sitzungsber.  d.  Acad,  der  Wissensch.  Wien,"  1858;  Henke, 
"Zeitschr.  fiir  rat.  Med.,"  v.  viii.,  1859.) 

ARTICULATIONS  OF  THE  LEG  AND  ANKLE. 

Pbboneo-tibial  Articulations. — The  tibia  and  fibula  are  connected  at 
their  tipper  and  lower  extremities  by  synovial  articulation,  and  their  shafts 
are  united  by  an  interosseous  membrane. 

Tbo  superior  extremities  of  the  bones  present  two  flat  oval  articular  surfaces, 
retained  in  close  contact  by  an  anterior  and  a  posterior  superior  tihio-fibular 
ligament,  both  of  which  pass  upwards  and  inwards  from  the  head  of  the  fibula 
to  the  external  tuberosity  of  the  tibia.  Tbe  synovial  membrane  which  lines 
this  joint  not  unfrequently  communicates  posteriorly  with  that  of  the  knee. 

The  interosseous  membrane  or  ligament,  which  connects  the  shafts  ot  the 
tibia  and  fibula,  passes  between  the  external  ridge  of  the  tibia  and  the 
ridge  on  tbe  inner  surface  of  the  fibula,  and  is  composed  for  the  most  part 
of  parallel  fibres  running  outwards  and  downwards,  only  a  few  fibres  crossing 
them  in  a  different  direction.  The  membrane  is  broader  above  than  below, 
and  presents  superiorly  an  elongated  opening  for  the  transmission  of  the 
anterior  tibial  vessels,  and  inferiorly  a  small  aperture  for  the  passage  of  the 
anterior  branches  of  the  peroneal  vessels. 
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The  inferior  extremities  of  the  tibia  and  fibula  are  in  contact  by  surfaces 
which  for  the  most  part  arc  rough  and  bound  together  by  ligament,  but  near 

Fig.  145.— Articulations  op  the  Knee,  Leo  and  Akkle,  seen  Fig-  145. 

PROM  BEFORE.      ^  / 

1,  superior  anterior  tibio-fibular  ligament ;  2,  interos.seous  mem- 
brane ;  3,  points  to  the  anterior  inferior  tibio-fibular  ligament  ;  4, 
internal  lateral  ligament  of  the  ankle-joint  ;  5,  middle  vertical  part 
(calcaneo-fibular)  of  tJie  external  lateral  ligament  of  the  ankle- 
joint  ;  6,  anterior  part  (talo-fibular)  of  the  same  ;  7,  anterior  liga- 
ment of  the  ankle-joint. 


their  lower  edges  are  smooth  and  covered  by  cartilage.  The 
tibial  sixrface  is  concave,  the  fibular  convex  ;  but  the  lower 
edges  of  both  surfaces  are  straight.  The  strong  short 
fibres  which  pass  directly  between  the  opposing  surfaces 
form  the  inferior  interosseous  ligament.  The  anterior  liga- 
ment is  a  flat  band  of  fibres,  extended  obliquely  over  the 
lower  part  of  the  bones,  the  direction  of  its  fibres  being 
dowuwards  from  the  tibia  to  the  fibula.  The  posterior  liga- 
ment, somewhat  triangular,  is  similarly  disposed  behind  the 
articulation  ;  its  outer  surface  is  covered  by  the  peronei 
muscles.  The  transverse  ligament^  longer  and  narrower 
than  the  preceding,  is  placed  immediately  below  it  ;  its 
fibres  are  horizontal,  and  extend  from  the  external 
malleolus  to  the  contiguous  part  and  hinder  border  of 
the  articular  surface  of  the  tibia  ;  it  closes  the  interval 
between  the  bones. 

The  synovial  cavity  lying  between  the  small  articular 
surfaces  is  an  extension  of  that  of  the  ankle-joint. 

The  Ankle- Joint.- — In  this  articulation,  which  is  a 
hinge  joint,  the  inferior  extremities  of  the  tibia  and 

fibula,  united  so  as  to  form  a  kind  of  arch,  embrace   .-^ 

transversely  the  superior  articular  surface  of  the  astragalus, 

so  as  to  render  lateral  movement  impossible  when  the  ligaments  are  tense 


Fig.  146. — The  Lower  TiBio-PiBraAR  AETictfLATiON  and 
Ankle- Joint,  from  behind. 


Fig.  146. 


1,  inferior  pcsterior  tibio-fibular  ligament ;  2,  transver.se 
ligament ;  3,  posterior  fibres  of  the  internal  lateral  ligament 
of  the  ankle-joint ;  4,  middle,  and  5,  posterior  part  of  the 
external  lateral  ligament  of  the  ankle-joint ;  6,  posterior 
talo-calcaneal  ligament. 

The  internal  lateral  ligament  is  a  flat  fasciculus 
of  fibres,  much  broader  at  the  lower  than  at  the 
upper  part.  One  extremity  is  attached  to  the 
inferior  border  of  the  internal  malleolus  ;  the  other, 
to  the  inner  side  of  the  astragalus,  the  os  calcis, 
and  the  scaphoid  bone,  as  well  as  to  the  inferior 
calcaneo-scaphoid  ligament. 

The  external  lateral  ligament  consists  of  three  distinct  bands,  separated  by 
intervals  and  disposed  in  difi-erent  directions.  1.  The  middle  band  descends 
from  the  extremity  of  the  fibula,  and  is  inserted  into  the  middle  of  the 
external  surface  of  the  os  calcis.     2.  The  anterior  band  passes  obliquely 
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forwards  and  inwards  from  the  fore  part  of  tlie  outer  malleolus  to  a  part  of 
the  astragalus  in  front  of  its  external  malleolar  surface  ;  it  is  the  shortest 
of  the  three.  3.  The  posterior  baud,  the  strongest  of  the  three,  passes 
almost  horizontally  inwards  from  the  pit  on  the  inner  and  back  part  of 
the  malleolus  to  the  posterior  surface  of  the  astragalus. 


Fig.  147. 


Fig.  147. — Transverse-Vertical  Section  op  the  Right 
Ankle  Joint  near  its  Middle,  and  of  the  Posterior 
Talo -Calcaneal  Articplation,  so  as  to  show  the 
Shape  op  the  Articular  Sorpaces  and  Cavities,  viewed 
from  before.  ^ 

1,  internal,  2,  external  malleolus  ;  3,  placed  on  the  astra- 
galus at  the  angle  between  its  superior  and  its  external 
malleolar  surfaces  ;  4,  points  to  the  interosseous  tibio-fibular 
ligament;  5,  internal  lateralligament  of  the  ankle-joint ;  6, 
sustentaculum  tali ;  7,  calcaneo-fibular  or  middle  part  of  the 
external  lateral  ligament ;  8,  inner  part  of  the  interosseous 
calcaneo-talar  ligament ;  9,  great  tuberosity  of  the  calcaneum  : 
between  the  tibia,  iibula  and  astraijalus,  the  synovial  cavity 
is  indicated  by  the  dark  space  enclosed  by  a  white  line ;  between 
the  astragalus  and  os  calcis  a  section  of  the  posterior  calcaneo- 
talar  synovial  cavity  is  shown. 

The  anterior  and  posterior  ligaments  are  merely 
scattered  fibres  in  front  of  and  behind  the  joint ; 
those   of   the  posterior  ligament  are    weak  and 
principally  transverse. 
The  synovial  membrane  of  the  ankle-joiut  extends  upwards  by  a  small 
process  which  lines  the  inferior  peroneo-tibial  articulation. 

Movements. — The  movements  at  the  ankle-joint  are  mainly  those  of  flexion  and 
extension  of  the  foot^  and  the  directions  of  those  movements  are  principally  determined 
by  the  shape  of  the  articular  surfaces.  The  external  border  of  the  superior  cartila- 
ginous surface  of  the  astragalus  is  curved,  and  longer  than  the  internal  border,  and 
hence  extension  of  the  ankle-joint  is  accompanied  with  a  slight  inward  movement 
of  the  toes.  The  horizontal  surfaces  of  both  the  tibia  and  astragalus  are  broader  in 
front  than  behind  ;  hence  in  complete  extension  of  the  ankle  the  narrow  part  of  the 
astragalus  is  brought  into  the  widest  part  of  the  space  between  the  malleoli^  and  a 
certain  amount  of  lateral  motion  is  allowed,  whereas  in  complete  flexion,  as  when  the 
weight  of  the  body,  with  completely  bended  knees,  is  supported  on  the  toes,  the  broad 
part  of  the  surface  of  the  asti-agalus  is  pushed  back  into  the  narrowest  part  of  the 
space,  and  the  inferior  extremity  of  the  fibula  is  pressed  upon,  so  as  to  stretch  the 
ligaments  between  it  and  the  tibia,  and  give  a  certain  amount  of  spring  to  the  joint. 
There  appears  to  be  no  other  movement  between  the  tibia  and  fibula ;  these  bones 
being  bound  together  at  their  lower  ends  with  remarkable  firmness. 

articulatioks  of  the  foot, 

Artictjlations  of  the  Calcaneum,  Astragalus,  and  Scaphoid  Bones 
ONE  WITH  another. — The  astragalus  is  connected  with  the  calcaneum  by  two 
synovial  articulations,  viz. ,  by  a  posterior  one  peculiar  to  those  two  bones, 
and  by  an  anterior  one  common  to  them  with  the  scaphoid  bone.  The  fol- 
lowing are  the  principal  parts  requiring  description  : — 

Astragalo-calcaneal  ligaments.  —  The  interosseous  ligament,  broad  and 
strong,  passes  vertically  downwards  from  the  groove  between  the  anterior 
and  posterior  articular  surfaces  of  the  astragalus  to  the  similar  groove  between 
the  corresponding  articular  surfaces  of  the  calcaneum.  A  membnmous 
posterior  ligament  connects  the  posterior  border  of  the  astragalus  with  the 
upper  surface  of  the  calcaneum  ;   its  fibres  are  oblique  and  very  short. 
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There  is  also  an  external  ligament,  consisting  of  a  slight  fa.sciculu8  of  fibres, 
which  descends  perpendicularly  from  the  outer  surface  of  the  astragalus 
to  the  external  side  of  the  calcaneum,  parallel  with  the  middle  division 
of  the  external  lateral  ligament  of  the  ankle-jomt.  It  may  be  farther 
observed  that  those  portions  of  the  lateral  ligaments  of  the  ankle-joint 
which  pass  down  over  the  astragalus  to  the  os  calcis  assist  in  uniting 

these  two  bones.  ,  ,       ,   .  t  ,  ■  . 

Calcaneo-scaplioid  ligaments,— The  calcaneum  and  scaphoid  bone  are  not  m 
contact,  but  they  are  connected  by  two  ligaments.  The  inferior  or  plantar 
ligament,  much  the  larger  of  the  two,  is  a  broad  band  which  passes  forwards 
and  inwards  from  the  fore-part  of  the  calcaneum  (sustentaculum  taU)  to  the 
inferior  surface  of  the  scaphoid  bone.  It  is  in  contact  mfenorly  with  the 
tendon  of  the  tibialis  posticus  muscle,  while  superiorly  it  forms  the  floor  of 
the  articular  cavity  which  receives  the  head  of  the  astragalus,  and  is  lined 
by  synovial  membrane.  The  external,  dorsal,  or  inter-osseous  ligament, 
forms  the  external  boundary  of  the  cavity  just  mentioned,  and  lies  deeply 
at  the  anterior  part  of  the  fossa  (sinus  pedis),  between  the  astragalus  and 
OS  calcis.  Its  fibres,  very  short,  are  directed  from  behind  forwards  between 
the  contiguous  extremities  of  the  bones.  They  are  attached  posteriorly 
to  a  ridge  of  the  os  calcis  that  separates  the  articular  surfaces  for  the 
astragalus  and  os  cuboides,  and  anteriorly  to 
the  outer  side  of  the  scaphoid  bone.  Fig.  1 48. 


Fig.  148. — Ligaments  op  the  Foot,  seen  from 

BELOW.  i 


1  and  2,  portions  of  the  internal  lateral  ligament 
of  tbe  ankle  joint  descending  upon  the  calcaneum  ;  3, 
calcaneo-cuboid  or  long  plantar  ligament ;  3',  deep 
or  short  part  of  the  same  ;  4,  plantar  calcaneo-sca- 
phoid  ligament ;  5,  three  scaphoido-cuneiform  liga- 
ments of  the  internal,  middle  and  external  cuneiform 
bones  ;  6,  is  placed  upon  the  external  cuneiform  bone 
towards  which  is  seen  coming  from  behind  a  cuboido- 
cuneiform  ligament ;  7,  is  placed  upon  the  internal 
cuneiform  bone  ;  from  6  and  7,  are  seen  passing  down- 
wards the  plantar  cuneo-metatarsal  ligaments ;  x  ,  part 
of  the  first  dorsal  cuneo-metatarsal  ligament ;  8  and  9, 
ligamentous  fibres  prolonged  from  the  cuboid  bone 
and  sheath  of  the  peroneus  longus  muscle  upon  the 
outer  metatarsal  bones  ;  10,  10,  between  these  figures 
theposterior  intermetatarsal  (or  transverse)  ligaments ; 
11,  11,  anterior  transverse  metatarsal  ligament,  con- 
tinued across  the  four  metatarsal  spaces  ;  12,  inter- 
sesamoid  ligament ;  13,  13,  between  these  figures  are 
seen  the  five  pairs  of  internal  and  external  lateral 
metatarso-digital  ligaments ;  14,  14,  between  these 
figures  are  seen  the  five  pairs  of  internal  and  external 
lateral  digital  (phalangeal)  ligaments  of  the  first 
series  :  those  of  the  second  series  have  no  figure  placed 
to  mark  them  ;  1 5,  inferior  ligament  of  the  phalangeal 
articulation  of  the  great  toe. 

The  talo-seaphoid  or  astragalo-scaphoid  liga- 
ment, a  membranous  band  of  fibres  situated 

on  the  dorsum  of  the  foot,  extends  obliquely  forwards  from  the  anterior 
extremity  of  the  astragalus  to  the  superior  surface  of  the  scaphoid  bono, 
and  completes  the  capsule  of  the  calcaneo-talo- scaphoid  joint,  formed  in  the 
rest  of  its  extent  by  the  plantar  and  external  calcaneo-acaphoid  ligaments. 
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One  synovial  membrane.  Hues  the  calcaneo-talar  joint,  and  another  the 
calcaneo-talo-scaphoid  articulation. 

Calcaneo-Cuboid  Articulation.  —  The  calcaneum  is  united  to  the 
cuboid  bone  by  a  synovial  joint  and  ligaments. 

The  inferior  ligament  consists  of  two  distinct  fasciculi  of  fibres,  differing 
in  form  and  attachments  ;  of  which  one  is  superficial  the  other  deep-seated. 
The  superficial  part,  called  the  long  plantar  ligament,  is  the  longest  of  the 
tarsal  ligaments.  Its  fibres,  attached  behind  to  the  inferior  surface  of  the 
calcaneum  as  far  as  the  anterior  tubercle,  pass  forwards,  and  are  attached  in 
greater  part  to  the  tuberosity  on  the  under  surface  of  the  cuboid  bone  ; 
some  of  them  are  continued  onwards,  and  terminate  at  the  bases  of  the 
third  and  fourth  metatarsal  bones,  after  covering  the  tendon  of  the  peroneus 
longus  muscle.  The  short  or  deep-seated  plantar  calcan,eo-c%iboid  ligament 
lies  close  to  the  bones,  being  separated  from  the  superficial  part  by  some 
cellular  tissue.  Its  breadth  is  considerable,  its  length  scarcely  an  inch. 
One  extremity  is  attached  to  the  calcaneum  in  front  of  the  long  ligament, 
the  other  (somewhat  expanded)  to  the  under  surface  of  the  cuboid  bone, 
internal  to  the  tuberosity. 

The  dorsal  or  superior  ligament  is  a  flat  band  of  fibres  which  connects  the 
anterior  and  upper  surface  of  the  calcaneum  with  the  adjacent  part  of  the 
cuboid  bone. 

The  internal  or  interosseous  ligament  is  placed  deeply  in  the  hollow 
between  the  astragalus  and  os  calcis,  and  is  closely  connected  with  the 
external  calcaneo-scaphoid  ligament. 

Fig.  U9. 


Fig.  149.— Ligaments  of  the  Foot,  from  the  innee  side.  J 
1  internal  lateral  ligament  of  tbe  ankle ;  x  ,  in  front  of  the  sustentaculum  tali,  showing 
T.art  of  the  internal  lateral  Ugament  descending  upon  it;  2,  posterior  talo-calcaneal  liga- 
pnt  •  3  Dosteriorligament  of  the  ankle-joint;  4,  part  of  the  long  and  short  calcaneo-cuboid 
iLVments  seen  from  the  inside  ;  5,  two  superior  astragalo-scaphoid  or  talo-scaphoid  liga- 
11pt,7«    6   internal  talo-scaphoid  ligament;  7,  internal  scaphoido-cuneiform  (first);  8, 
Trsal 'or  superior  cuneiform;  9,  scaphoido-cuneiform  (second);  10  intercuneiform,  or 
transverse  dorsal  cuneiform,  between  the  first  and  second  cuneiform  bones ;  11,  mterna 
filf  tVrso  metatarsal  ligament ;  12,  inferior  first  tarso-metatarsal  ;  13,  intenia  latera 
ifattsoSla^  :  the  internal  sesam'oid  bone  is  seen  below;  14  internal  lateral  digitU 
iTgament  (of  the  first  toe)  :  those  of  the  second  toe  are  also  seen  beyond. 
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A  separate  synovial  memhrane  linea  this  joint. 

Articulations  of  thk  Soapuoid,  Cuboid,  and  Cuneiform  Bones,  one 
WITH  another. — Tlie  scaphoid  and  cuboid  bones  are  connected  by  a  dorsal 
ligament,  composed  of  sliort  thin  fibres,  extended  obliquely  between  the 
two  bones  ;  a  plantar,  situated  in  the  sole  of  the  foot,  and  consisting  of 
transverse  fibres;  and  an  interosseous  ligament,  which  intervenes  between 
the  bones,  and  is  attached  to  their  contiguous  surfaces.  When  the  bones 
touch,  which  is  not  always  the  case,  they  present  two  small  articulating  sur- 
faces, which  are  covered  with  cartilage,  and  have  between  them  an  offset 
of  the  adjacent  synovial  membrane. 

The  scaphoid  and  the  cimeiform  bones  are  held  together  by  dorsal  liga- 
ments. It  will  be  recollected  that  the  scaphoid  bone  articulates  with  the 
three  cuneiform  by  the  smooth  faces  on  its  anterior  surface.  The  dorsal 
ligaments,  three  in  number,  pass  from  the  upper  surface  of  the  scaphoid  to 
the  first,  second,  and  third  cuneiform  bones,  iuto  which  they  are  inserted. 
Plantar  bands  are  similarly  disposed  on  the  imder  surface  of  the  bones,  but 
these  are  continuous  with,  or  offsets  from,  the  tendon  of  the  tibialis 
posticus  muscle. 

The  cuboid  and  the  external  cwneiform  bo7ies  are  connected  by  a  dorsal 

Fig.  150. 
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Fig.  150, — LlOAMENTB  OP  THE  FoOT,   FEOM  THE  OUTSIDE  AND  DORSAL  ASPECT.  ^ 

1,  lower  part  of  the  interosseous  membrane  ;  2,  lower  anterior  tibio  peroneal  liga- 
ment ;  3,  lower  pcsterior  tibio-peroneal  ligament ;  4,  middle  part  of  the  external 
lateral  ligament  oi  the  ankle-joint,  passing  to  the  calcaneum  ;  5,  anterior  part  of  the 
external  lateral  ligament  of  the  ankle-joint,  passing  to  the  astragalus ;  below  the  last  liga- 
ment the  external  calcaneo-talar  ligament  has  not  been  represented  in  this  figure  ;  6 
posterior  part  of  the  external  lateral  ligament  of  the  ankle-joint,  passing  to  the  astra- 
galus   7,  is  placed  above  the  interosseous  calcaneo-talar  ligament ;  8,  dorsal  calcaueo- 
scaphoid  ;  9,  dorsal  calcaneo-cuboid  ;  10,  part  of  the  long  plantar  or  calcaneo-cuboid  ;  11 
superior  talo-scaphoid ;  12  and  13,  second  and  third  scaphoido-cuneiform,  and  between  them 
one  of  the  intercuneiform  ligaments;  14,  superior  scaphoido-cuboid  ;  15,  placed  on  the 
external  cuneiform  bone,  points  to  the  cuneo-metatarsal  ligament  of  the  third  bone  ;  above 
and  below  16,  are  corresponding  ligaments  from  the  external  cuneiform  to  the  second 
and  fourth  metatarsal  bones ;  16,  cuneo-metatarsal  ligameiit,  from  the  first  cuneiform  to 
the  second  metatarsal  bone  ;  between  12,  and  16,  are  seen  the  cuneo-metatarsal  ligaments 
which  converge  from  the  three  cuneiform  bones  on  the  second- metatarsal ;  17,  cuboid°o-meta 
tarsal  ligament  passing  to  the  fourth  metatarsal  bone  ;  18,  that  to  the  fifth  ;  19  and  x  x 
dorsal  intermetatarsal  ligaments  ;  20,  lateral  metalarao-digital ;  21,  22,  lateral  digital.  ' 
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ligament,  which  is  a  thin  fasciculus  of  fibres  extended  between  them  : 
a  plantar  hgament,  whose  fibres  are  transverse  and  rather  indistinct  ;  and  a 
bundle  of  interosseous  fibres  attached  to  their  neighbouring  sides.  Between 
tne  two  bones  a  distinct  articulation  is  formed  by  cartilaginous  surfaces  ;  it  is 
provided  sometimes  with  a  separate  synovial  membrane,  at  others  with  an 
ottset  from  that  which  belongs  to  the  scaphoid  and  cuneiform  bones. 

The  three  cuneiform  bones  are  connected  by  transverse  dorsal  ligamenis 
and  strong  interosseous  fibres  ;  but  the  latter  are  their  most  efficient  uniting 
structures.  A  transverse  plantar  ligament  exists  only  between  the  two 
innermost  bones.  The  articulations  between  these  bones  are  Hned  by  offsets 
from  the  synovial  membrane  of  the  joint  between  them  and  the  scaphoid 
bone. 

Articulation  of  the  Tarsus  with  the  Metatarsus. — The  four  anterior 
bones  of  the  tarsus,  viz.,  the  three  cuneiform  and  the  cuboid,  articulate 
with  the  metatarsal  bones  ;  and  as  the  first  and  third  cuneiform  bones  pro- 
ject beyond  the  middle  one,  and  the  third  cuneiform  beyond  the  cuboid 
bone,  the  anterior  surface  of  the  tarsus  is  very  irregular.  The  first  meta- 
tarsal bone  articulates  with  the  internal  cuneiform  ;  the  second  is  wedged 
in  between  the  first  and  third  cuneiform,  and  rests  against  the  second  ;  the 
third  metatarsal  bone  articulates  with  the  extremity  of  the  external  cunei- 

•Fig.  151. 


Fig.  161.  The  Synovial  Cavities  of  the  Ankle-Joint  aot)  the  Tarsal  and 

Tarso-Mbtatarsal  Articulations,  in  Section.  ^ 

The  section  has  been  carried  obliquely  upwards  and  inwards  across  the  foot,  and 
vertically  through  the  upper  part  of  the  astragalus  and  the  tibia.  1,  cut  surface  of  the 
tibia  above  the  ankle-joint ;  2,  placed  on  the  astragalus  above  the  posterior  calcaneo-talar 
synovial  cavity  ;  3,  on  the  head  of  the  astragalus  close  to  the  common  calcaneo-talo- 
scaphoid  synovial  cavity  ;  4,  interosseous  calcaneo-talar  ligament ;  5,  on  the  anterior  edge 
of  the  calcaneura,  points  to  the  calcaneo-cuboid  synovial  cavity  ;  6,  interosseous  calcaneo- 
cuboid ligament ;  7,  on  the  scaphoid  bone,  marks  the  common  scaphoido-cuneiform  and 
intercuneiform  synovial  cavity  ;  8,  on  the  cuboid  bone,  points  to  the  interosseous  sca- 
phoido-cuboid  ligament;  9,  internal,  10,  middle,  11,  external  cuneiform  bones;  12, 
cuboid  •  between  these  several  bones  the  interosseous  ligaments  are  shown;  from  13  to  17, 
are  the  metatarsal  bones,  with  the  interosseous  ligaments  between  them ;  9  to  14,  the 
interosseous  ligament  from  the  internal  cuneiform  to  the  second  metatarsal  bone  ;  11  to 
16  the  interosseous  ligament  from  the  external  cuneiform  to  the  fourth  metatarsal  bone  : 
there  are  also  shown  in  this  figure,  the  synovial  cavity  of  the  first  tarso-metatarsal  arti- 
culation that  between  the  middle  and  external  cuneiform  bones  and  the  second  and  third 
metatarsal  •  and  that  between  the  cuboid  and  the  fourth  and  fifth  metatarsal  bones. 


TARSO-METATARS AL  ARTIC  [JLATIONS. 


166 


form  ;  and  the  last  two  with  the  cuboid  bone.  The  articulations  are  furnished 
with  synovial  membranes,  and  the  bones  are  held  in  contact  by  dorsal,  plantar, 
and  interosseous  ligaments. 

The  dorsal  tarso-metatarsal  ligaments  are  flat,  thin  bands  of  parallel  fibres, 
which  pass  from  behind  forwards,  connecting  the  contiguous  extremities  of 
the  bones  before  mentioned.  Thus  the  first  metatarsal  bone  receives  a  broad 
t.hin  band  from  the  corresponding  cuneiform  bone ;  the  second  receives 
three,  which  converge  to  its  upper  surface,  one  passing  from  each  cuneiform 
bone  ;  the  third  has  one  from  the  external  cuneiform  bone  ;  and,  finally, 
the  last  two  are  bound  by  a  fasciculus  to  each  from  the  cuboid  bone,  and 
by  fibres  from  the  external  cuneiform  to  the  fourth  metatarsal  bone.  The 
plantar  ligaments  are  less  regular  ;  the  bands  of  the  first  and  second  toes  are 
more  strongly  marked  than  the  corresponding  ligaments  on  the  dorsal  sur- 
face ;  and  those  of  the  fourth  and  fifth  toes,  which  are  merely  a  few 
scattered  fibres  passing  to  the  cuboid,  receive  support  from  the  sheath  of  the 
peroneus  longus  muscle.  Ligamentous  bands  stretch  in  an  oblique  or  trans- 
verse direction  from  the  internal  cuneiform  to  the  second  and  third  meta- 
tarsal bones,  and  from  the  external  cuneiform  to  the  fifth  metatarsal. 

The  interosseous  ligaments  are  longitudinal  in  direction,  and  have  especial 
interest,  because  of  the  resistance  which  they  oppose  to  the  surgeon  in 
separating  the  metatarsus  from  the  tarsus,  in  consequence  of  their  deep 
position  between  the  bones,  a.  The  internal  and  largest  of  these  lies  to 
the  outer  side  of  the  first  cxmeiform  bone,  and  extends  from  this  bone  to 
the  neighbouring  side  of  the  second  metatarsal,  close  to  the  articular  sur- 
face. 6.  The  external  interosseous  ligament  separates  the  articulation  of 
the  fourth  and  fifth  metatarsal  bones  from  the  rest.  It  connects  the  outer 
side  of  the  external  cuneiform  bone  to  the  same  side  of  the  third,  and  very 
strongly  to  the  inner  side  of  the  fourth  metatarsal,  c.  Occasionally  some 
fibres,  of  less  strength  and  importance  than  the  preceding,  are  observable  on 
the  outer  side  of  the  second  metatarsal  bone,  connecting  it  to  the  middle 
cuneiform. 

The  interosseous  ligaments  are  found  to  vary  somewhat  in  their  connections  from 
those  here  stated,  being  sometimes  attached  at  once  to  the  contiguous  sides  of 
two  tarsal  and  two  metatarsal  bones.  Attention  was  first  particularly  directed 
to  these  ligaments  by  M.  Lisfranc,  in  connection  with  the  amputation  of  the  foot 
through  the  tarso-metatarsal  articulation.  See  "Manuel  des  Opgrations  Chirurgi- 
cales,  &c.    Par  J.  Coster."    3rd  edit.    Paris,  1829. 

Synovial  membranes.— There  are  three  synovial  membranes  in  this 
irregular  series  of  articulations,  a.  One  belongs  to  the  internal  cuneiform 
and  the  first  metatarsal  bone  :  the  joint  formed  between  these  two  bones  is 
altogether  separate  and  out  of  the  range  of  the  rest.  b.  A  second  synovial 
membrane  is  placed  between  the  cuboid  and  the  fourth  and  fifth  metatarsal 
bones  ;  this  is  isolated  on  the  inner  side  by  the  external  interosseous  Hga- 
ment  c.  The  thii-d  or  middle  one  is  placed  between  the  middle  and  external 
cuneiform  and  the  second  and  third  metatarsal  bones,  and  is  prolonged 
between  the  two  last-named  bones,  as  weU  as  sometimes  between  the  third 
and  fourth  metatarsal  bones.  The  disposition  of  this  last  synovial  mem- 
brane IS  subject  to  variation. 

CoNNECTioif  OF  THE  METATARSAL  BoNES  WITH  ONE  ANOTHER.— The  meta- 
tarsal bones  are  bound  together  at  their  tarsal  and  digital  ends  ;  very  firmly 
m  the  former,  and  loosely  in  the  latter  situation. 

The  tarsal  ends  or  bases  of  the  four  outer  bones  articulate  with  each  other 
having  lateral  cartdaginous  surfaces  provided  with  synovial  membrane,  and 
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7nd  viZtar  V^    T'^'  P^""*'^^'  ^"'^  interosseous  ligaments.    The  dorsal 
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deeDlv  it+w  *°  ^'^°t^^^-     Tlie  interosseous  hhres,  lying 

deeply  between  the  bones,  occupy  the  rough  parts  of  their  kteral  surfaces^ 

Fig.  152. 


Fig.  152.— Vertical  Antero-Posteriob  Section  op  the  Ankle-Joint  and  Artiou 
LATioifg  OP  the  Foot,  a  little  to  the  Inside  op  the  Middle  op  the  Great 
Toe  op  the  Right  Foot.  | 

1,  the  synovial  cavity  of  the  ankle-joint ;  2,  the  posterior  talo-ealcaneal  articulation  •  3 
placed  above  the  talo-scaphoid  articulation  ;  3',  on  the  astragalus  above  the  anterior  4lo- 
calcaneal  articulation,  which  is  continuous  witli  the  preceding  :  the  interosseous  ligament 
is  seen  separating  2  from  3'  ;  4,  the  inferior  calcaaeo-scaphoid  ligament ;  5,  part  of  the 
calcaneo-cuboid  or  long  plantar  ligament ;  6,  the  scaphoido-cuneiform  articulation  ;  7 
the  first  metatarso-cuneiform  articulation  ;  8,  the  first  metatarso-phalangeal  articulation  ; 
9,  section  of  the  inner  sesamoid  bone  ;  10,  the  phalangeal  articulation  ;  11,  placed  on  the 
calcaneum,  indicates  the  bursa  between  the  upper  part  of  the  tuberosity  of  that  bone 
and  the  tendo  Achillis. 

they  are  of  considerable  strength  and  firmness.  The  intermetatarsal  arti- 
cular cavities  are  lined  with  synovial  membrane,  which  in  each  is  continued 
forwards  from  that  lining  the  joints  formed  between  the  bases  of  these  bones 
and  the  tarsus.  The  first  and  second  metatarsal  bones  do  not  articulate 
laterally  with  each  other. 

Transverse  metatarsal  ligament. — The  digital  extremities  or  heads  of  the 
metatarsal  bones  are  loosely  connected  by  a  transverse  band,  which  is 
identical  in  its  arrangement  with  the  corresponding  structure  in  the  hand, 
with  this  exception,  that  it  is  attached  to  the  great  toe,  whereas  in  the  hand 
the  transverse  metatarsal  ligament  does  not  reach  the  thumb. 

Akticdlations  of  the  Metatarsal  Bones  with  the  Digital  Phalanges, 
AND  OF  the  latter  ONE  WITH  ANOTHER. — The  heads  of  the  metatarsal  bones 
are  connected  with  the  small  concave  articular  surfaces  of  the  first  i^halanges  by 
two  lateral  ligaments,  an  inferior  ligament,  and  a  synovial  membrane,  which 
are  closely  similar  to  those  which  belong  to  the  corresponding  parts  of  the  hand. 

The  articulations  of  the  phalanges  with  one  another  are  also  constructed 
on  the  same  plan  as  those  of  the  superior  extremity.  In  each,  the  bones 
are  held  in  contact  by  two  lateral  ligaments  and  an  inferior  ligament  or 
fibrous  plate  ;  and  each  of  the  cavities  is  lined  by  a  synovial  membrane. 

Movements,  &o. — In  the  mechanism  of  the  foot  three  arches  arc  distinguishable,  two 
of  them  longitudinal  and  one  transverse ;  all  of  them  capable  of  being  flattened  some- 
what by  pressure  from  above,  and  combining  to  secure  elasticity  of  the  parts  at  rest 
or  in  motion.    The  inner  arch  is  formed  by  the  os  calcis,  astragalus,  scaphoid,  and 
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three  cuneiform  bones,  together  with  the  three  inner  toes ;  the  l  ead  of  tl^ej^tj^-Sa^^s 
being  the  key  stone,  and  being  supported  in  its  position  not  by  f 
as  would  be  the  case  in  an  arch  of  mason- work,  but  by  them  in  connection  with  the 
inferior  calcaneo-scaphoid  ligament.  The  °"ter  arch  is  formed  by  the  os  calcis, 
cuboid  bone,  and  two  outer  toes,  and  is  supported  by  he  strong  inferior  calcaneo- 
cuboid  li-amcnts.  Thus  the  calcaneo-scaphoid  and  calcaneo-cuboid  igaments  are 
stretched °by  the  whole  weight  of  the  body  bearing  down  upon  the  arch,  and 
prevent  the  too  great  flattening  of  the  instep;  an  action  in  which  they  are  assisted 
however,  by  the  plantar  aponeurosis.  The  transverse  arching  of  the  foot  is  most 
marked  along  the  line  of  tarso-metatarsal  articulations,  and  is  mamtained  by  the 
wedge-shape  of  the  bones  and  by  inferior  ligaments.  The  weight  of  the  body,  falling 
upon  the  balls  of  the  toes  when  the  heel  is  raised,  tends  to  spread  out  the  metatarsal 
bones  at  their  distal  extremities,  and  to  flatten  the  transverse  arch,  which  recovers  its 
position  when  the  pressure  is  removed.  Between  the  astragalus  and  the  calcaneum 
only  one  kind  of  motion  is  possible,  the  centre  of  which  is  the  interosseous 
astragalo-calcaneal  ligament,  and  is  of  such  a  nature,  that  when  the  posterior  part  of 
the  OS  calcis  slides  inwards  and  upwards  beneath  the  astragalus,  its  cuboid  extremity 
moves  downwards  and  outwards.  A  certain  amount  of  gliding  movement  is  also 
allowed  between  the  tarsal  and  metatarsal  bones,  and  that  most  considerably  between 
the  cuboid  bone  and  outer  toes.  Thus  it  happens  that  if  the  foot  is  flexed  against  the 
leg,  and  then  is  gradually  extended  by  force  applied  to  the  toes,  as  by  the  action  of 
the  flexores  digitorum  muscles,  the  first  part  of  the  movement  is  accomplished  at  the 
ankle,  and  consists  of  extension,  with  only  a  slight  inward  turning  of  the  toes ; 
further  extension  is  accomplished  by  movement  between  the  calcaneum  and  astra- 
galus, and  is  accompanied  by  depression  of  the  outer  edge  of  the  foot ;  and  after  that 
a  little  more  extension,  accompanied  by  more  considerable  depression  of  the  outer 
edge  of  the  foot,  is  efiected  at  the  tarso-metatarsal  articulations.  The  direction  of  the 
movement  of  extension  of  the  toes  at  the  metatarso-phalangeal  articulations  is 
upwards  and  outwards,  so  that  although  the  great  toe  is  in  a  line  with  the  inner  edge 
of  the  foot  when  resting  on  the  ground,  it  is  no  longer  so  wlien  over-extended,  as,  for 
instance,  when  supported  by  a  shoe. 


Section  III.— MYOLOGY. 

Under  the  title  Myology  will  be  brouglit  the  systematig  description  of 
the  form,  position,  and  relations  of  the  muscles  of  the  body  with  their 
tendons,  and  in  the  same  section  it  will  be  convenient  to  include  that  of 
the  fasciae  and  aponeuroses. 

As  many  of  the  muscles  consist  of  tendinous  as  well  as  muscular  parts, 
the  description  of  the  tendons  and  their  sheaths  necessarily  forms  a  part  of 
that  of  the  muscles  ;  and  farther,  as  it  is  impossible  to  separate  the  exami- 
nation of  the  attf^chments  of  a  muscle,  or  of  groups  of  muscles,  from  the 
study  of  the  motions  produced  by  them,  the  statement  of  the  action  of  the 
muscles  will  accompany  their  anatomical  description. 

In  the  description  of  the  muscles,  it  is  customary  to  state  the  attach- 
ments of  their  opposite  ends  under  the  names  of  origin  and  insertion  ;  the 
first  term  being  usually  applied  to  the  more  fixed  or  proximal,  and  the 
second  to  the  more  movable  or  remote  attachment  ;  but  it  is  to  be  observed, 
that  it  is  sometimes  difiicult  to  lay  down  a  rule  for  the  correct  use  of  these 
terms,  and  that  in  almost  all  instances  it  is  of  importance  to  consider  the 
action  of  a  muscle  as  it  may  affect  the  motions  of  the  parts  attached  to 
both  of  its  extremities. 

As  the  muscles  belong  to  the  double  symmetrical  parts,  it  will  be  under- 
stood that  it  is  suflacieut,  as  in  the  bones  and  joints,  to  describe  those 
occupying  one  side  of  the  body. 


168 


MYOLOGY. 


^  The  description  of  the  involuntary  and  unstriped  muscles  connected  with 
internal  organs  is  excluded  from  the  present  section,  as  is  also  that  of 
some  small  striped  muscles  situated  in  certain  complicated  organs,  such  as 
the  larynx  and  ear,  as  it  is  more  expedient  that  those  muscles  should  be 
treated  of  under  the  several  organs  to  which  they  belong.  In  the  arrange- 
ment to  be  adopted  in  the  anatomical  description  of  the  external  and  volun- 
tary muscles,  it  is  almost  impossible  to  follow  a  strictly  systematic  order 
founded  exclusively,  either  upon  their  position  in  the  several  regions  of  the 
body,  or  upon  their  actions  :  in  the  following  section,  therefore,  an  arrange- 
ment is  adopted  which  is  based  in  part  on  both  of  these  considerations,  and 
which  seems  to  be  the  most  simple  and  advantageous  to  the  student. 

Fascije. — The  term  Fascia  includes  all  the  membranous  dispositions  of 
reticulated  or  felted  fibrous  tissue.  These  structvires  have  usually  been 
distinguished  as  the  superficial  and  the  deep  ;  the  former  consisting  of  looser 
and  finer  substances,  and  passing  by  their  slenderer  kinds  into  the  finer 
varieties  of  connective  tissue  ;  while  the  latter,  denser  in  character,  fre- 
quently exhibit  more  or  less  regular  arrangements  of  strong  white  fibres, 
giving  them  a  shining  appearance,  and  are  often  termed  aponeuroses. 

The  connective  tissue  of  the  body  being  that  in  which  all  others  are  em- 
bedded, may  be  considered  as  forming  a  continuous  mesh  work  of  fasciae  of 
various  degrees  of  firmness  arranged  so  as  to  enclose  shut  spaces,  within  which 
the  other  parts  are  contained.  Thus  each  fasciculus  of  muscle  is  surrounded 
by  connective  tissue  ;  the  larger  fasciculi  are  separated  by  stronger  par- 
titions, and  the  whole  muscle  is  invested  with  a  layer  of  such  distinctness, 
that  it  may  appropriately  be  styled  a  fascia.  So  also  the  sheaths  of  vessels 
are  formed  of  this  substance  ;  and  in  certain  parts  stronger  septa,  having 
attachment  to  bone,  and  continuous  with  the  periosteum,  which  likewise 
belongs  to  the  series  of  white  fibrous  membranes,  form  partitions  between 
dissimilar  structures. 

Superficial  Fascia.  — Under  this  name,  or  as  subcutaneous  fascia,  is  described 
the  layer  of  loose  tissue  of  varying  density,  which  is  placed  immediately 
below  the  skin,  all  over  the  body.  It  is  the  web  which  contains  the  sub- 
cutaneous fat,  -the  panniculus  adiposus,  and  in  some  regions  superficial 
muscles,  as  the  panniculus  carnosus.  From  the  subcutaneous  tissue  of 
the  eyelids,  however,  as  well  as  from  that  of  the  penis  and  scrotum,  adipose 
matter  is  entirely  absent.  It  is  to  be  noticed  also  that  between  the  muscles 
and  the  subcutaneous  fat  there  is  always  a  certain  amount  of  fascia  devoid 
of  adipose  matter,  and  that  it  is  in  this  stratum  that  the  trunks  of  the 
subcutaneous  vessels  and  nerves  are  found.  But  when  the  fat  becomes 
absorbed,  the  stroma  in  which  it  was  deposited  is  still  left,  and  its  meshes 
approach  one  another,  so  that  in  lean  subjects  a  more  fibrous  condition  of 
the  subcutaneous  fascia  is  often  found  than  in  others. 

Deep  Fasciae  and  Aponeuroses. — ^Under  the  name  of  deep  fascia  is  com- 
prehended that  stronger  layer  of  fibrous  or  connective  tissue  which,  lying 
more  close  to  the  muscles,  gives  them  a  general  investment  or  dips  between 
them,  and  forms  a  nearly  continuous  covering  of  the  body  beneath  the 
superficial  fascia.  It  is  chiefly  to  the  stronger  parts  of  this  fascia  that  the 
name  of  aponeuroses  has  been  given.  Those  covering  the  muscles  have 
been  named  aponeuroses  of  investment  (Bichat),  to  distinguish  them  from 
proper  tendinous  expansions,  or  aponex^roses  of  insertion,  of  muscles.  This 
distinction,  however,  is  far  from  being  universally  applicable  :  aponeuroses 
of  insertion  are  often  continued  into  aponeuroses  of  investment,  as  m  the 
stance  of  the  gluteus  maximus,  or  into  mere  fascia,  as  at  the  lateral  parts 
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of  the  occipito-froutal  aponeuroses,  or  the  cranial  origin  of  the  trapezius 
muscle.  The  principal  aponeuroses  of  investment  are  those  which  incase 
the  muscles  of  the  limbs,  binding  them  down  in  a  common  sheath,  and 
connected  in  various  places  by  septa  with  the  bones.  They  are  characteristic 
of  the  limbs,  there  being  no  structure  entirely  corresponding  to  them  in 
the  rest  of  the  body." 


MUSCLES  OF  THE  HEAD  AND  NECK. 

SUPERFICIAL  MUSCLES. 

Epicranial  Muscles. — Under  the  title  of  occipito-frontalis  muscle  are 
comprehended  a  pair  of  occipital  and  a  pair  of  frontal  muscles,  together 
mth  a  thin  aponeurosis  extending  over  the  cranium,  and  uniting  the 
anterior  and  posterior  muscles  together. 

ft.  The  occipitalis  muscle,  thin  and  subcutaneous,  is  attached  inferiorly 
by  short  tendinous  fibres  to  the  external  two-thirds,  sometimes  much  less, 
of  the  superior  cvurved  line  of  the  occipital  bone,  and  to  the  mastoid  portion 
of  the  temporal  bone,  immediately  above  the  attachment  of  the  stemo- 
mastoid  muscle.  Its  fleshy  fibres,  from  one  to  two  inches  in  length,  are 
directed  upwards,  and  terminate  in.  distinct  tendinous  fibres,  continuous 
with  the  epicranial  aponeurosis.  Between  the  muscles  of  opposite  sides  is 
an  interval  of  variable  size  occupied  by  a  part  of  that  aponeurosis. 

6.  The  frontalis  muscle,  longer  and  broader  and  of  a  paler  colour  than 
the  occipitalis,  arises  superiorly  in  a  convex  line  from  the  epicranial 
aponeurosis,  wMle  inferiorly  its  innermost  fibres  are  continuous  with  the 
pjrramidalis  nasi  muscle,  and  the  others  are  blended  with  the  corrugator 
supercilii  and  with  the  orbicularis  palpebrarum,  as  far  outwards  as  the 
external  orbital  process  of  the  frontal  bone.  The  fibres  are  nearly  vertical, 
running  shghtly  inwards ;  the  margins  of  the  right  and  left  muscle  are 
united  for  a  short  distance  above  the  root  of  the  nose,  but  ax'e  separated  by 
an  angular  interval  superiorly. 

c.  The  epicranial  or  occipito-frontal  aponeurosis  extends  over  the  upper 
surface  of  the  cranium  uniformly  from  side  to  side,  without  division.  Pos- 
teriorly it  is  attached  to  the  occipitales  muscles,  and  to  the  protuberance 
and  superior  curved  lines  of  the  occipital  bone,  and  anteriorly  it  terminates 
in  the  frontales  muscles,  while  laterally  it  presents  no  distinct  margin,  but 
below  the  temporal  ridge  becomes  thinner  and  less  aponeurotic,  and  gives 
attachment  to  the  superior  and  anterior  auricular  muscles.  Its  fibres  are 
chiefly  longitudinal,  and  are  most  distinctly  tendinous  where  they  give 
attachment  to  the  occipitales  muscles.  Its  outer  surface  is  firmly  bound  to 
the  skin  by  an  abundant  network  of  fibrous  tissue,  constituting  the  so- 
called  superficial  fascia,  by  the  meshes  of  which  the  subcutaneous  fat  is 
divided  into  granules  ;  while  its  deep  surface  glides  upon  the  subjacent  peri- 
cranium, to  which  it  is  loosely  adherent  through  the  medium  of  a  delicate 
connective  tissue  devoid  of  fat. 

Actions.— By  the  contraction  of  the  whole  occipito-frontalis  muscle,  the  scalp  is 
drawn  backwards,  and  the  eyebrows  elevated ;  by  the  contraction  of  the  frontales 
muscles  alone,  the  eyebrows  are  elevated,  the  scalp  pulled  forwards,  and  the  skin  of 
the  forehead  thrown  into  transverse  wrinkles;  by  the  contraction  of  the  occipitales 
muscles  alone,  the  scalp  is  drawn  backwards;  and  by  the  alternate  action  of  the 
occipitales  and  frontales  muscles,  the  scalp  is  moved  backwards  and  forwards  In 
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forehead.  elevation  of  the  eyebrows  and  horizontal  wrinkling  of  the 


Auricular  Muscles.— Besides  inmnte  bundles  of  muscular  fibres  which 
pass  irom  one  part  of  the  pinna  of  the  auricle  to  another,  and  which  wiU  be 


Fig.  153. 


Fig.  153. — Superficial  View  op  the  Muscles  on  the  left  side  of  the  Head  and 
Neck  (slightly  altered  from  Bourgery).  5 

a,  cranial  aponeurosis ;  h,  superior  curved  line  of  the  occipital  bone  ;  c,  ramus  of  the 
lower  jaw  ;  d,  lower  edge  of  the  hyoid  bone  ;  e,  head  of  the  clavicle.  1,  anterior  or  frontal, 
and  1',  posterior  or  occipital  part  of  the  occipito-frontalis  muscle ;  a,  the  aponourotic  covering 
of  the  cranium  extending  between  the  two  portions  of  the  muscle  ;  2,  superior  auricular;  2', 
anterior  auricular ;  3,  posterior  auricular  in  two  fasciculi ;  4,  is  placed  in  front  of  the  temple 
close  to  the  outer  i)art  of  the  orbicularis  palpebrarum  ;  5,  pyraniidalisnasi  ;  6,  triangularis 
nasi  or  compressor  narium  ;  7,  levator  labii  superioris  ala;que  nasi ;  8,  oi-bicularis  oris  ; 
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8',  its  attachment  to  the  columella  nasi,  or  depressor  nasi ;  9,  levator  labii  superioris, 
and  close  by  it  zygomaticus  minor;  farther  back  passing  from  the  +  obliquely  down 
towards  8,  zygomaticus  major ;  and  between  the  zygomatici,  in  shadow,  is  seen  a  portion 
of  the  levator  anguli  oris;  10,  quadratus  menti  or  depressor  labii  iuferioris;  11, 
triangularis  oris  or  depressor  anguli  oris ;  12,  points  to  the  situation  of  levator  menti ;  13, 
is  pla°ced  on  the  masseter,  it  is  immediately  above  the  risorius  or  upper  horizontal  fibres  of 
the  platysma  myoides,  and  a  line  points  from  it  to  the  buccinator  ;  14,  platysma  myoides  ; 
15,  placed  on  the  upper  part  of  the  sterno-mastoid,  points  by  a  line  to  the  posterior  belly  of 
the  digastric  muscle ;  15',  the  sternal  tendon  of  the  sterno-mastoid,  a  part  of  its  clavicular 
portion  is  seen  near  e  ;  16,  trapezius  ;  17,  splenius  capitis  ;  +,  splenius  coUi ;  18,  levator 
scapulas;  19,  stemo-hyoid  ;  20,  omo-hyoid  ;  21,  pectoralis  major,  its  pectoral  part ;  21', 
its  clavicular  part ;  22,  deltoid. 

mo8t  conveniently  described  along  with  that  structure,  there  are  attached  to 
the  external  ear  three  larger,  but  still  very  slightly  developed,  muscles, 
which  serve  to  move  it  as  a  whole. 

The  auricularis  superior  or  attollens  av/riculam,  the  largest  of  the  three, 
arises  in  the  temporal  region  of  the  head  from  the  epicranial  aponeurosis. 
Its  fibres  are  extremely  delicate,  and  radiated  in  arrangement,  and  are 
inserted  by  a  compressed  tendon  into  the  cartUage  of  the  ear  at  the  upper 
and  anterior  part  of  the  helix  and  upper  part  of  the  concha. 

The  auricularis  anterior  or  attrahens  auriculam,  scarcely  separated  from 
the  preceding  muscle,  is  pale  and  indistinct,  and  is  attached  to  the  thin 
lateral  prolongation  of  the  epicranial  aponeurosis,  from  which  it  passes  back- 
wards to  be  inserted  into  the  fore  part  of  the  helix. 

The  auricularis  posterior  or  retrahens  auriculam  muscle,  consists  of  two 
or  three  thin  fasciculi,  which  arise  from  the  mastoid  process  by  short 
aponeurotic  fibres,  and  are  inserted  into  the  back  part  of  the  concha.  The 
fibres  are  much  deeper  in  colour  and  more  distinctly  marked  than  in  either 
of  the  other  auricular  muscles. 

Actions. — The  three  auriculares  muscles  respectively  draw  the  pinna  of  the  ear 
upwards,  backwards,  and  forwards.  In  the  majority  of  persons  their  action  is  not 
directly  under  voluntary  control. 

Muscles  of  the  Eyelids. — These  are  four  in  number — namely,  the 
orbicularis  palpebrarum  and  tensor  tarsi,  the  corrugator  supercilii,  and  the 
levator  palpebrse  superioris. 

The  orbicularis  palpebrarum  is  a  thin  elliptical  muscle  closely  adherent  to 
the  skin,  surrounding  the  fissure  between  the  eyelids  and  covering  their 
surface,  and  spreading  for  some  distance  outwards  on  the  temple,  upwards 
on  the  forehead,  and  downwards  on  the  cheek.  The  fibres  forming  con- 
centric curves  are  attached  by  their  extremities  at  the  inner  angle  of  the 
orbit  :  Ist,  to  the  edges  and  anterior  surface  of  the  tendon  afterwards 
described  ;  2nd,  to  the  surface  of  the  nasal  process  of  the  superior- maxilla, 
near  the  anterior  margin  of  the  lachrymal  groove  ;  and  3rd,  to  the  internal 
angular  process  of  the  frontal  bone. 

The  fibres  situated  in  the  eyelids  are  thin,  pale  and  little  curved,  and 
conceal  the  tarsal  cartilages  ;  they  are  sometimes  distinguished  by  the  name 
"  ciliaris."  The  peripheral  fibres,  "  orbicularis  latus,"  more  largely  deve- 
loped, rest  on  the  cheek  and  margin  of  the  orbit.  Superiorly  this  muscle 
conceals  the  corrugator  supercilii,  with  which  and  the  occipito-frontalis  it 
is  intimately  connected  ;  inferiorly  it  covers  the  origin  of  the  elevators  of 
the  upper  lip,  part  of  the  common  elevator  of  the  lip  and  nose,  and  the 
lachrymal  sac  ;  and  externally  it  lies  upon  a  part  of  the  temporal  fascia. 

The  tendon  of  the  orbicularis  muscle  (tendo  palpebrarum).— At  the  inner 
commis.sure  of  the  eyelids  is  a  small  tendon,  which  is  often  obscured  by  the 
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Thir+l  1  l^^f  e>  but  IS  rendered  apparent  by  drawing  the  Hds  outwards, 
k  a  taof«TV\f ^^°Stli,  and  less  than  one  in  breadth,  and 
IS  attached  to  the  anterior  margin  of  the  lachrymal  groove  ;  thence  it  runs 


Fig.  154. 


Fig.    154. — SOPEKFIOIAL    AND    DEEP    TIEW  OF  THE  MUSOLES  OP  THE  HeAD  AXD  NeCK, 

FKOM  BEFORE  (altered  from  Bourgery).  ^ 

On  the  left  side,  the  platysma  alone  has  been  removed  ;  on  the  right  side,  portions  ot 
the  zygomatic  arch  and  clavicle,  the  superficial  muscles  of  the  cranium  and  face,  the 
masseter,  trapezius,  sterno-mastoid  and  pectoralis  major  muscles  have  been  removed  ;  a, 
right  alar  cartilage  of  the  nose  ;  b,  upon  the  lobe  of  the  right  ear,  points  to  the  coronoid 
process  of  the  lower  jaw  ;  c,  the  body  of  the  hyoid  bone ;  d,  symphysis  of  the  lower 
jaw  ;  c,  upon  the  subclavian  groove  of  the  first  rib,  lying  in  which  is  the  cut  end  of  the  sub- 
clavian artery  ;  /,  the  glenoid  cavity  of  the  scapula  ;  (j,  the  right  zygomatic  arch  separated 
from  the  malar  bone  ;  h,  upon  the  temporal  ridge  of  the  frontal  bone  ;  i,  above  the  supra- 
orbital ridge;  1,  frontalis  muscle;  2,  superior  auricular ;  2',  insertion  of  the  anterior 
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auricular  ;  3,  comigator  supercilii ;  4,  malar  portion  of  the  orbicularis  palpebrarum  ;  4 , 
palpebral  portion  ;  below  /,  the  expanded  insertion  of  levator  palpebraa  superioris  in  the 
eyelid ;  5,  pyrami'dalis  nasi ;  6,  insertion  of  the  triangulares  nasi  on  the  dorsum  of  the 
nose  ;  1,  'levator  labii  superioris  alajque  nasi  ;  8,  orbicularis  oris  of  the  left  side ;  8', 
outer  part  of  the  same  on  the  right  side,  the  inner  part  being  removed  ;  9,  levator  labii 
superioris;  +,  zygoinaticus  minor ;  10,  zygomaticus  major;  11,  depressor  anguli  oris  ; 
12,  depressor  labii  inferioris  ;  d,  points  to  the  cut  ends  of  the  levatores  menti ;  13,  placed 
on  the  left  masseter,  points  to  the  buccinator;  13',  buccinator,  of  the  right  side,  a 
portion  of  the  parotid  duct  passing  through  the  muscle  ;  14,  levator  anguli  oris,  seen 
also  on  the  left  side  behind  the  zygomaticus  minor.  The  remaining  references  which 
apply  to  the  muscles  of  the  neck  will  be  found  described  at  page  194. 

horizontally  outwards  to  tlie  inner  commissure  of  the  eyelids,  where  it 
divides  into  two  thin  fibrous  lamellfe,  which  diverge  as  they  pass  outwards 
in  the  substance  of  the  eyelids,  and  terminate  in  the  tarsal  cartilages. 
One  surface  of  the  tendon  is  subcutaneous  ;  the  other  crosses  the  lachrymal 
sac  a  little  above  the  centre,  and  from  it  a  thin  but  firm  fascia  is  given  ofi", 
which  spreads  over  the  lachrymal  sac,  and  adheres  to  the  margins  of  the 
groove  which  lodges  it. 

The  tensor  tarsi — Homer,  (musculus  sacci  lachrymalis,) — consists  of  very 
thin  fibres  resting  on  the  fascia  just  mentioned.  It  is  only  a  deep  portion 
of  the  insertion  of  the  marginal  fibres  of  the  ciliary  part  of  the  orbicularis 
muscle  :  two  sUps,  one  from  each  eyelid,  passing  behind  the  lachrymal 
canals,  unite  on  the  surface  of  the  lachrymal  sac  before  reaching  their  attach- 
ment on  the  posterior  part  of  the  lachrymal  bone. 

The  corrugator  supercilii  is  a  small  muscle  narrower  below  than  above, 
placed  at  the  inner  side  of  the  eyebrow.  It  arises  from  the  inner  extremity 
of  the  superciliary  ridge  of  the  frontal  bone  ;  thence  its  fibres  proceed 
outwards  and  a  little  upwards,  and  end,  at  the  middle  of  the  orbital  arch, 
by  becoming  blended  with  those  of  the  orbicularis  and  occipito-frontalis 
muscles,  by  which  it  is  concealed. 

This  muscle  crosses  the  supra-trochlear  branch  of  the  ophthalmic  nerve  and  the 
accompanying  artery  as  they  emerge  from  the  orbit. 

The  levator  palpebrcB  superioris  is  a  muscle  occupying  the  upper  part  of  the 
orbit,  but  the  insertion  of  which  is  seen  in  the  dissection  of  the  upper  eyelid, 
in  which  it  forms  a  broad  fibrous  expansion  which  curves  downwards 
towards  its  margin,  and  is  inserted  under  cover  of  the  orbicularis  muscle 
into  the  forepart  of  the  tarsal  cartilage.  It  wiU  be  described  along  with 
the  muscles  of  the  orbit. 

Actions. — The  orbicularis  palpebrarum  closes  the  eyelids.  In  the  ordinary  closure 
of  the  eye,  it  is  chiefly  the  upper  lid  which  moves,  being  depressed  by  the  superior  half 
of  the  ciliary  part  of  the  muscle ;  but  in  forcible  closure  both  eyelids  move,  and  not  only 
come  together,  but  are  drawn  towards  the  nose  at  the  same  time  that  the  eyebrows 
are  drawn  downwards  and  inwards,  the  whole  fibres  of  the  orbicularis  beino-  thus 
contracted  and  approached  towards  the  tendo  palpebrarum.  In  those  circumstances 
the  fibres  which  form  the  tensor  tarsi,  being  contracted  like  the  others,  compress  the 
lachrymal  sac,  and  prevent  the  introduction  into  it  of  the  lachrymal  secretion  from 
the  conjunctiva.  The  corrugator  muscles  draw  the  skin  of  the  forehead  downwards 
and  inwards},  raising  longitudinal  furrows,  as  in  frowning.  The  upper  eyelid  is 
supported  by  the  levator  palpebrae,  and  droops  when  that  muscle  is  paralysed.  On 
the  other  hand,  paralysis  of  the  orbicularis  is  attended  by  an  inability  to  close  the 
eyelids. 

Muscles  of  the  Nose,  —Under  this  head  may  be  conveniently  grouped 
not  only  the  compressor  naris  and  smaller  muscles  which  act  upon  the  nose 
alone,  but  also  the  pyramidalis  nasi  which  acts  on  the  forehead,  and  the 
levator  labii  superioris  alseque  nasi  whose  action  is  common  to  the  nose  and  lip 
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The  pymmiddis  nasi,  continuous  with  the  innermost  fibres  of  the  fron 
tahs  muscle    extends  downwards  from  the  root  of  the  nose   over  the 

with  the  compressor  nans  muscle.  The  muscles  of  opposite  sides,  united 
superiorly,  diverge  slightly  as  they  descend.  ' 

The  compressor  naris,  a  thin  triangular  muscle,  arises  narrow  and  fleshy 
trom  the  canme  fossa  in  the  superior  maxillary  bone,  and  proceeding  inwards 
gradually  expands  into  a  thin  aponeurosis,  which  is  partly  blended  with  that 
of  the  corresponding  muscle  of  the  opposite  side,  and  with  the  pyramidalis 
nasi,  and  is  partly  attached  to  the  cartilage  of  the  nose.  It  ia  concealed  at 
Its  origin  by  the  proper  elevator  of  the  lip,  and  is  crossed  by  the  common 
elevator. 

Fig.  155.— Muscles  oi?  the  side  of  the  Nosb  and 
Uppee  Lip.  | 

1,  pjramidalis  nasi ;  2,  levator  labii  superioris  aleeque 
nasi;_  3,  compressor  naris  or  triangularis;  4,  levator 
proprius  alse  nasi  anterior  ;  5,  levator  proprius  ala5  nasi 
posterior  or  dilatator  ;  6,  depressor  al»  nasi ;  7,  orbicu- 
laris oris  ;  7*,  naso-labialis. 

The  levator  labii  superioris  alcBque  nasi,  the 
common  elevator  of  the  lip  and  nose,  lies  along 
the  side  of  the  nose,  extending  from  the  inner 
margin  of  the  orbit  to  the  upper  lip.  It  arises 
by  a  pointed  process  from  the  upper  extremity 
of  the  nasal  process  of  the  superior  maxillary 
bone,  and,  as  it  descends,  separates  into  two 
fasciculi  ;  one  of  these,  much  smaller  than  the 
other,  becomes  attached  to  the  wing  of  the  nose, 
whilst  the  other  is  prolonged  to  the  upper  lip, 
where  it  is  blended  with  the  orbicularis  and  the 
special  elevator  muscle.  It  is  subcutaneous,  except  at  its  origin,  where  the 
orbicularis  palpebrarum  overlaps  it  a  little. 

Anomalous  Fibres. — Beneath  the  common  elevator  of  the  lip  and  ala  of  the  nose, 
and  connected  by  the  lower  end  with  the  origin  of  the  compressor  naris,  will  be 
found  a  longitudinal  muscular  slip,  more  than  an  inch  in  length,  attached  exclusively 
to  the  superior  maxillary  bone.  It  was  named  "  rhomboideus "  by  Santorini,  and 
(in  consequence  of  being  attached  only  to  one  bone,  and  producing  therefore  no 
motion)  "anomalus  "  by  Albinus. 

The  depressor  aloe  nasi  is  a  small  flat  muscle  which  arises  from  the  superior 
incisor  fossa,  and  is  inserted  into  the  septum  and  posterior  part  of  the  ala  of 
the  nose.     The  external  fibres  curve  forwards  and  downwards  to  the  ala. 

Besides  the  muscles  above  described  there  are  other  irregular  and  often 
indistinct  fibres  which  cover  the  small  alar  cartilages  of  the  nose.  Of  these 
the  following  may  be  distinguished. 

The  levator  proprius  alee  nasi  posterior,  or  dilatator  naris  posterior,  is 
attached  to  the  margin  of  the  ascending  process  of  the  superior  maxillary 
bone  and  the  smaller  (sesamoid)  cartilages  of  the  ala  nasi  on  the  one  hand, 
and  to  the  skin  on  the  other.  Another  set  of  fibres,  the  levator  projyrius  alw 
nasi  anterior,  or  dilatator  naris  anterior,  is  interposed  between  the  cai-tilage 
of  the  aperture  of  the  nose  and  the  skin,  to  both  of  which  it  is  attached. 

Actions. — The  pyramidalis  muscle,  being  continuous  with  the  occipito-frontalis,  is 
the  means  of  giving  that  muscle  a  more  fixed  attachment  to  the  dorsum  of  the  nose, 
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and  must  aid  it  in  drawing  down  the  integument  of  the  forehead ;  but  it  probably 
acta  also  as  an  opponent  to  the  compressor  naris  muscle.  The  compressor  nans,  acting 
alon"'  with  its  fellow  of  the  other  side,  depresses  the  cartilaginous  part  of  the  nose, 
and  to  some  extent  also  compresses  the  alaj  together.  The  actions  of  the  other 
muscles  are  sufficiently  indicated  by  their  names;  the  dilatation  of  the  alas  is 
perceptible  in  natural  inspiration,  and  is  well  marked  in  dyspnoea. 

Muscles  of  tub  Lips  and  Mouth. — ArDiincl  the  orifice  of  the  mouth 
ftro  situated  an  orbicular  muscle  with  concentric  fibres,  and  numerous  other 
muscles,  whose  fibres  converge  towards  the  aperture,  viz.,  superiorly  the 
common  elevator  of  the  lip  and  nose  already  described,  the  proper  elevator 
of  the  upper  lip,  the  elevator  of  the  angle  of  the  mouth  and  the  zygomatic 
muscles,  laterally  the  risorius  and  buccinator  muscles,  and,  inferiorly,  the 
depressor  of  the  angle  of  the  mouth  and  that  of  the  lower  lip  ;  and  lastly, 
acting  indirectly  on  the  lower  lip,  the  levator  menti. 

The  orbicularis  oris,  or  sphincter  oris,  consists  of  a  labial  or  inner,  and  a 
facial  or  peripheral  part.  The  labial  or  marginal  portion  reaches  outwards 
from  the  oral  aperture  as  far  as  the  red  part  of  the  lip,  and  forms  a  slightly 
convex  fasciculus  of  pale  fine  fibres  closely  applied  to  each  other.  Its  fibres 
are  free  from  bony  attachment,  and  are  traceable  from  one  lip  to  another 
round  the  corner  of  the  mouth.  The  facial  portion,  thinner  and  wider  than 
the  other,  blends  by  its  outer  border  with  the  several  muscles  that  con- 
verge to  the  mouth  from  the  contiguous  parts  of  the  face,  and  is  more 
particularly  stretched  outwards  by  its  attachment  to  the  buccinator  musclOj 
the  fibres  of  which  seem  almost  to  be  continuous  with  the  deeper  part  of 
the  orbicularis.  Besides  those  fibres  it  has  others  that  are  attached  to  the 
subjacent  cartilage  and  bone  ;  viz.,  in  the  upper  lip  two  bundles  for  each 
half  ;  and  in  the  lower  lip  one  for  each.  In  the  upper  lip  one  of  the  fleshy 
slips  (accessorius  orbicularis  superioris)  is  thin  and  weak,  and  is  attached 
opposite  the  incisor  teeth,  close  to  the  alveolar  edge  of  the  upper  jaw-bone  ; 
and  the  other,  thicker  and  pointed,  is  fixed  to  the  septum  of  the  nose.  In 
the  lower  lip  the  reinforcing  fasciculus  (accessorius  orbicularis  inferioris) 
arises  from  the  surface  of  the  lower  jaw,  near  the  root  of  the  canine  tooth, 
and  external  to  the  levator  labii  inferioris.  From  these  points  of  attach- 
ment the  fibres  are  directed  outwards  towards  the  angle  of  the  mouth  and 
blend  with  the  rest. 

To  the  inner  part  of  the  orbicularis  oris  muscle  the  skin  of  the  lips  is  closely  con- 
nected, whilst  over  the  outer  part  fatty  tissue  is  interposed  between  them.  The  deep 
surface  is  in  contact  with  the  mucous  membrane  and  the  labial  glands,  as  well  as  with 
the  coronary  arterial  arch  in  each  lip. 

The  levator  labii  superioris  arises  immediately  above  the  infra-orbital 
foramen,  close  to  the  lower  border  of  the  orbit,  from  the  superior  maxUlary 
and  malar  bones,  and  passes  downwards  and  a  little  inwards  to  be  blended 
•with  the  orbicularis  and  other  muscular  fibres  in  the  upper  Up. 

At  its  origin  this  muscle  is  overlapped  by  the  orbicularis  palpebrarum,  but  its 
lower  part  is  subcutaneous ;  it  partly  conceals  the  levator  anguli  oris,  and  the  com- 
pressor naris,  and  beneath  it  the  infra-orbital  vessels  and  nerve  emerge  from  the 
canal  of  that  name. 

The  levator  anguli  oris,  or  musculus  caninus,  arises  in  the  canine  fossa 
immediately  below  the  infra-orbital  foramen,  inclines  downwards  and 
slightly  outwards,  and  is  inserted  into  the  angle  of  the  mouth. 

At  its  origin  this  muscle  is  concealed  by  the  elevator  of  the  upper  lip ;  its  anterior 
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Burface  supports  the  infra-orbital  nerve  and  artery,  which  separate  it  from  the  preceding 
muscle ;  the  posterior  surface  lies  on  the  superior  maxilla  and  the  orbicularis  and 
buccinator  muscles,  with  which  and  the  depressor  anguli  oris  the  fibres  are  blended. 

The  zygomatici  are  two  narrow  and  subcutaneous  fasciculi  of  muscular 
fibres,  extending  obliquely  from  the  most  prominent  part  of  the  cheek  to 
the  angle  of  the  mouth,  one  being  thicker  and  longer  than  the  other. 

a.  ^  The  zycjomaticus  minor,  a  very  small  muscle,  arises  from  the  anterior 
and  inferior  part  of  the  malar  bone,  and  inclines  downwards  and  forwards 
to  terminate  by  joining  the  outer  margin  of  the  levator  labii  superioris ; 
sometimes  near  the  origin  of  that  muscle.  It  lies  internal  to  the  zygo- 
maticus  major,  but  distinct  from  it  in  the  whole  length,  and  is  sometimes 
joined  by  some  fibres  of  the  orbicularis  palpebrarum  :  in  some  instances 
it  is  replaced  by  a  fleshy  slip  from  that  muscle  ;  in  others  it  is  altogether 
wanting. 

b.  The  zijgomaticus  major,  placed  externally  to  the  smaller  muscle  of  the 
same  name,  arises  from  the  malar  bone  near  the  zygomatic  suture,  from 
which  it  descends  to  the  angle  of  the  mouth,  where  it  is  continued  into  the 
orbicularis  and  depressor  anguli  oris. 

The  risorius  or  smiling  muscle  (Santorini),  consisting  of  some  very  thin 
fasciculi,  commences  in  the  fascia  over  the  masseter,  or  on  the  parotid 
gland,  and  extending  transversely  inwards  in  the  fat  of  the  cheek,  joins  the 
orbicularis  and  depressor  anguli  oris  at  the  angle  of  the  mouth.  It  is 
united  with  the  fibres  of  the  platysma  close  to  their  termination,  and  is  by 
many  regarded  as  a  part  of  that  muscle. 

The  buccinator  muscle  consists  of  a  flat  and  thin  but  strong  set  of  fibres 
in  contact  with  the  mucous  membrane,  and  forming  a  considerable  part  of 
the  wall  of  the  mouth.  It  is  attached  by  its  upper  and  lower  margins  to 
the  outer  surface  of  the  alveolar  parts  of  the  maxillary  bones,  outside  the 
molar  teeth,  and  between  these  bones  it  is  fixed  behind  to  a  narrow  band  of 
tendinous  fibres,  the  pterygo-maxillary  ligament,  a  structure  which  extends 
from  the  internal  pterygoid  plate  to  the  posterior  extremity  of  the  mylo- 
hyoid ridge  of  the  lower  jaw  close  to  the  last  molar  tooth,  and  separates 
the  buccinator  muscle  from  the  superior  constrictor  of  the  pharynx.  From 
these  points  the  fibres  of  the  muscle  are  directed  forwards,  approaching 
each  other,  so  that  the  muscle  is  narrowed  and  proportionally  thickened 
near  the  angle  of  the  mouth,  where  it  becomes  incorporated  with  the 
orbicularis.  The  fibres  near  the  middle  of  the  muscle  cross  each  other, 
those  from  above  entering  into  the  lower  lip,  and  those  from  below  into 
the  upper  one  ;  but  the  higher  and  lower  fibres  are  dii-ected  into  the  cor- 
responding lip  without  decussation. 

The  buccinator  is  covered  and  supported  by  a  thin  fascia,  which  is  closely  adherent 
to  the  muscular  fibres ;  and  is  overlapped  by  the  triangularis  oris,  the  terminal  fibres 
of  the  platysma  myoides,  and  by  the  facial  artery  and  vein ;  it  is  also  covered  by  the 
masseter  and  zygomatici,  from  which  it  is  separated  by  a  quantity  of  soft  adipose 
tissue  of  a  peculiar  character.  Opposite  the  second  molar  tooth  of  the  upper  jaw,  its 
fibres  give  passage  to  the  duct  of  the  parotid  gland. 

The  depressor  anguli  oris,  or  triangularis  oris,  is  broad  at  its  origin  from 
a  line  on  the  external  surface  of  the  lower  jaw  near  its  base  ;  passing  up- 
wards it  is  collected  into  a  narrower  bundle  which  is  inserted  into  the 
orbicularis  at  the  angle  of  the  mouth. 

This  muscle  is  covered  by  the  skin,  and,  at  its  insertion,  by  the  zygomaticus  major, 
under  which  its  fibres  pass ;  it  conceals  part  of  the  buccinator  and  of  the  depressor 
of  the  lower  lip. 


Fig.  156.— Deep  view  of  the  Muscles  op  the  left  side  of  the  Head  and  Neck 

(modified  from  Bouvgery).  ^ 

a  vertex  of  tbe  head  ;  6,  superior  curved  line  of  the  occipital  bone  ;  c,  ramus  of  the 
lower  jaw  ;  d,  its  coronoid  process  ;  cZ,  body  of  the  hyoid  bone  ;  c,  sternal  end  of  the  clavicle; 
e'  acromial  end  ;  /,  malar  bone  divided  to  show  the  insertion  of  the  temporal  muscle  ;  f, 
zygoma  divided,  and  external  lateral  ligament  of  the  jaw  ;  g,  thyroid  cartilage  ;  li,  placed 
on  the  lobe  of  the  auricle,  points  to  the  styloid  process  ;  1,  temporal  muscle  ;  2,  corrugator 
supercilii ;  3,  pyramidalis  nasi ;  4,  lateral  cartilage  of  the  nose  covered  by  the  triangularis 
nasi ;  5,  levator  labii  superioris  proprius ;  6,  levator  anguli  oris  ;  7,  outer  part  of  the 
orbicularis  oris,  tbe  part  below  the  nose  has  been  removed  to  show  more  deeply  8,  de- 
pressor altc  nasi ;  9,  placed  on  the  ramus  of  the  jaw,  points  to  the  buccinator  muscle, 
through  which  the  parotid  duct  is  seen  passing;  10,  quadratus  menti ;  11,  levator  menti ; 
12,  12,  anterior  and  posterior  bellies  of  the  digastric;  13,  placed  on  the  angle  of  the 
jaw,  points  to  the  stylo-hyold  muscle;  14,  points  to  the  mylo-byoid  ;  15,  to  the  byo- 
glossua,  between  which  and  13,  is  seen  a  part  of  the  stylo-glossus  ;  16,  sterno-hyoid  ;  17, 
on  the  clavicle,  indicates  the  lower,  and  17',  the  up])er  belly  of  the  omo-hyoid  ;  18,  a 
small  part  of  the  sterno-thyroid  ;  19,  thyro-hyoid  ;  20,  21,  on  the  stcrno-mastoid  muscle, 
point,  the  first  to  the  middle,  the  second  to  the  lower  constrictor  of  the  pharynx  ;  22, 
trapezius  ;  23,  upper  part  of  thecomplexus  ;  24,  splenius  capitis  ;  25,  splenius  colli ;  26, 
levator  scapulso  ;  27,  middle  scalenus  ;  + ,  posterior  scalenus  ;  28,  anterior  scalenus. 
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The  depressor  laUi  infcri.oris,  or  quadratns  menti,  arises  from  the  lower 
jaw  by  a  line  of  attachment  oxtouding  from  near  the  symphyfiis  to  a  little 
beyond  the  mental  foramen  ;  thence  it  ascends  with  an  inward  inclination, 
unites  witli  its  fellow,  and  blending  with  the  orbicnlaris  oris  is  inserted  into 
the  lower  lip.    Its  fibres  are  intermixed  with  much  adipose  matter. 

It  covers  the  nerve  and  artery  issuing  from  the  mental  foramen. 

The  levator  lahii  inferioris  or  levator  menti  arises  by  a  narrow  head  from 
the  incisor  pit  of  the  lower  jaw,  and  expanding  in  a  nearly  vertical  plane,  is 
directed  forwards,  downwards,  and  slightly  inwards  to  the  integument  of 
the  chin  between  the  depressors  of  the  lower  lip. 

Actions. — The  orbicularis  oris  acting  alone  draws  the  lips  together  in  both  the 
vertical  and  transverse  directions.  Acting  in  conjunction  with  the  buccinators  it 
closes  the  lips,  while  at  the  same  time  they  are  elongated  transversely.  Its  facial 
portion  acting  alone  projects  the  lips.  The  labial  portion,  when  acting  in  concert 
with  the  converging  muscles,  tightens  the  lips,  one  or  both,  against  the  teeth.  The 
convergent  muscles  each  draw  their  oral  points  of  insertion  in  a  direction  corresponding 
to  that  of  their  muscular  fibres.  The  common  elevator  of  the  lip  and  nose  and  the 
upper  part  of  the  orbicularis  oris  act  on  both  the  upper  lip  and  the  ala  of  the  nose 
together — the  one  elevating,  the  other  depressing  them.  When  the  cheeks  are  dis- 
tended with  air  in  the  mouth,  it  is  by  the  action  of  the  buccinator  that  the  rush  of 
the  air  through  the  narrowed  oral  aperture  is  regulated,  as  in  whistling,  or  performance 
on  a  wind  instrument ;  hence  the  name  "  trumpeter's  muscle  "  sometimes  given  to 
the  buccinator.  The  levator  menti  not  only  draws  upwards  the  integument  of  the 
chin,  but  it  also  protrudes  the  lower  lip,  as  in  pouting.  The  muscles  attached  to  the 
angles  of  the  mouth  are,  along  with  others  of  the  face,  intimately  connected  with 
the  expression  of  the  passions  :  those  which  pass  downwards  not  only  raise  the  upper 
lip,  but  also  push  upwards  the  cheek,  and  thus  elevate  the  margin  of  the  lower  eyelid, 
as  in  laughter;  and  those  which  descend  from  the  angle  of  tlie  mouth  depress  that 
part,  as  in  weeping.  (On  the  action  of  the  facial  muscles  may  be  consulted,  more 
especially,  Sir  Charles  Bell,  "Anatomy  and  Philosophy  of  Expression.") 


The  Platysma  myoides  is  a  pale  coloured  thin  sheet  of  muscular  fibres, 
superficial  to  the  deep  cervical  fascia,  and  extending  over  the  front  and 
sides  of  the  neck  and  lower  portions  of  the  side  part  of  the  face.  Its 
fibres,  which  are  pale  and  thin  in  their  whole  extent,  rise  by  thin  bands 
from  the  clavicle  and  acromion,  and  from  the  fascia  covering  the  upper  part 
of  the  deltoid,  pectoral,  and  trapezius  muscles  ;  thence  they  proceed  up- 
wards and  inwards  over  the  clavicle  and  the  side  of  the  neck,  gradually 
narrowing  and  approaching  the  muscle  of  the  opposite  side.  At  the  lower 
jaw  the  greater  number  of  the  fibres  are  inserted  into  the  side  of  that  bone 
from  the  symphysis  to  the  attachment  of  the  masseter  ;  the  inner  fibres 
mingle  with  those  of  the  opposite  platysma  in  front  of  the  symphysis,  and 
even  cross  from  the  one  side  to  the  other  below  the  chin,  for  about  an  inch, 
those  of  the  right  side  overlapping  those  of  the  left  ;  and  the  posterior 
fibres  are  prolonged  upon  the  side  of  the  face  as  far  as  the  angle  of  the 
mouth,  where  they  become  blended  with  the  muscles  in  that  situation,  or  in 
some  instances  they  reach  the  fascia  over  the  parotid  gland,  and  the  cheek- 
bone.   The  uppermost  fibres  pass  into  those  receiving  the  name  of  risorius. 

AcTion.  The  platysma,  being  much  less  developed  in  man  than  in  animals,  has  a 

comparatively  limited  action  in  the  human  subject ;  it  assists  in  drawing  the  angle  of 
the  jaw  downwards  and  outwards,  and  protects  parts  more  deeply  situated  in  the 
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neck.  It  is  the  only  representative  of  a  subcutaneous  group  of  muscles  largely 
developed  in  most  mammals,  by  which  very  varied  movements  of  the  skin  and  some 
superficial  parts  may  be  given,  as,  for  example,  .vhen  the  horse  comniunicates  a  rapid 
motion  to  the  skin  to  free  itself  from  insects,  or  the  dog  shakes  off  the  water  after 
swimming,  or  the  hedgehog  elevates  its  spines;  and  which  is  known  collectively  as 
the  panniculm  carnosus. 


MUSCLES  OF  THE  ORBIT. 


In  this  group  will  be  described  seven  muscles,  uamely,  the  elevator  _  of 
the  upper  eyelid  already  alluded  to,  and  six  muscles  of  the  eyeball,  viz., 
the  four  straight  and  the  two  oblique  muscles.  Of  these  muscles  the  inferior 
oblique  alone  is  confined  to  the  fore  part  of  the  orbit,  all  the  rest  take  their 
origin  at  its  back  part,  and  pass  longitudinally  forwards  to  their  insertions 
in  front. 

The  levator  paljnhrce  suj)erions  is  a  slender  muscle,  which  arises,  pointed 
and  tendinous,  above  and  in  front  of  the  margin  of  the  optic  foramen,  and 
passing  forwards  over  the  eyeball,  ends  in  a  fibrous  expansion  inserted  into 
the  anterior  siurface  of  the  tarsal  cartilage  of  the  upper  eyelid. 

Between  this  muscle  and  the  roof  of  the  orbit  are  situated  the  fourth  and  frontal 
nerve-s,  and  beneath  it  are  the  superior  rectus  muscle  and  the  globe  of  the  eye.  In 
the  lid,  it  is  placed  behind  the  palpebral  ligament,  close  to  the  membrana 
conjunctiva. 

The  four  straight  muscles  of  the  eye  surround  at  their  origin  the  optic 
nerve,  and  passing  forwards  from  that  point,  are  inserted  into  the  front  of 
the  globe  of  the  eye  at  four  opposite  equi- distant  parts,  by  delicate  expanded 
tendons  which  become  blended  into  one  at  their  termination. 

The  superior  rectus  arises  close  in  front  of  the  foramen  opticiim,  and 
beneath  the  levator  palpebrse ;  the  inferior  rectus,  internal  I'ectus,  and 
external  rectus  are  united  in  a  common  tendinous  attachment  around  the 
circumference  of  the  optic  foramen,  except  above.  But  the  external  rectus 
difi"ers  from  the  others  in  having  two  heads  of  origin  ;  the  upper  head  unites 
with  that  of  the  superior  rectus,  the  second  head  arises  from  a  bony  point 
on  the  lower  margin  of  the  sphenoidal  fissure  close  to  its  wider  inner  end  ; 
and  other  fibres  are  implanted  into  a  fibrous  baud  between  the  heads  of 
origin.  The  four  recti  thus  attached  posteriorly,  pass  forwards,  one  above, 
one  below,  and  one  on  each  side  of  the  eyeball,  becoming  flattened  as 
they  lie  in  contact  with  it,  and  are  inserted  by  short  membranous  tendons 
into  the  fore  part  of  the  sclerotic  coat,  at  an  average  distanoo  of  four  lines 
from  the  margin  of  the  cornea. 

In  length  and  breadth  there  are  some  diCFerences  among  these  muscles.  The 
external  rectus  exceeds  the  internal  one  in  length.  On  the  other  hand,  the  internal 
rectus  has  some  advantage  in  width,  being  broader  than  any ;  and  the  superior 
appears  rather  the  narrowest  of  all.  Between  the  heads  of  the  external  rectus  is  a 
narrow  interval,  which  gives  transmission  to  the  third  and  sixth  nerves  and  the  nasal 
branch  of  the  fifth  nerve,  with  the  ophthalmic  vein. 

The  superior  oblique  or  trochlearis  is  a  narrow  elongated  muscle,  placed 
at  the  upper  and  inner  part  of  the  orbit,  internally  to  the  levator  palpebrje. 
It  arises  about  a  lino  in  front  of  the  inner  part  of  the  optic  foramen  ; 
thence  it  proceeds  towards  the  internal  angle  of  the  orbit,  and  terminates  in 
a  round  tendon,  which  passes  through  a  fibro-cartilaginous  ring  or  pulley 
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(trochlea)  attached  to  the  fovea  trochlearis  of  the  frontal  bone  ;  it  Is  there 
reflected  outwards  and  backwards,  and  passes  between  the  eye  and  the 
superior  rectus,  to  be  inserted  into  the  sclerotic  coat  midway  between  the 
superior  and  external  recti  muscles,  nearly  equi-distant  from  the  cornea  and 
the  entrance  of  the  optic  nerve.  A  synovial  sheath  Hues  the  contiguous 
surfaces  of  the  tendon  and  pulley. 

This  muscle  is  covered  by  the  roof  of  the  orbit,  the  fourth  nerve  entering  its  upper 
sui-face ;  and  beneath  it  lie  the  nasal  nerve  and  the  internal  rectus  muscle. 


Fig.  157.  Fig,  157. — A,  View  op  the  Muscles  op 

THE  Right  Orbit,  from  the  outside, 

THE  outer  wall  HAVING  BEEN  RE- 
MOVED. I 

B,  Explanatory  Sketch  op  the  Same 
Muscles. 

a,  supraorbital  ridge ;  h,  lower  margin 
of  the  orbit  formed  by  the  superior 
maxillary  bone ;  c,  anterior  clinoid  pro- 
cess ;  d,  posterior  part  of  the  floor  of 
the  orbit  above  the  spheno  maxillary 
fossa  ;  e,  side  of  the  body  of  the  sphe- 
noid bone  below  the  optic  foramen  and 
sphenoidal  fissure  ;  /,  sinus  maxil- 
laris  ;  1,  anterior  part  of  levator  pal- 
pebriB  superioris,  where  it  is  inserted 
into  the  eyelid  ;  2,  pulley  and  tendon  of 
the  superior  oblique  muscle  ;  3,  tendon 
of  the  superior  rectus  muscle  at  its  in- 
sertion upon  the  eyeball ;  4,  in  A,  outer 
surface  of  the  external  rectus  ;  4',  in  B, 
the  anterior  or  inserted  tendon  of  the 
same  muscle,  a  part  of  which  has  been 
removed ;  the  double  origin  of  the  muscle 
is  shown  at  the  apex  of  the  orbit ;  5, 
the  inferior  oblique  muscle  crossing  the 
eyeball  below  the  inferior  rectus  ;  6,  the 
inferior  rectus  ;  7,  in  B,  the  inside  of 
the  internal  rectus,  seen  in  consequence 
of  the  removal  of  a  part  of  the  external 
rectus,  and  near  it,  the  ena  ot  the  optic  nerve  cut  short  close  to  the  place  of  its  entrance 
into  the  eyeball. 

The  inferior  oblique  is  the  only  muscle  of  the  eye  which  does  not  take 
origin  at  the  apex  of  the  orbit.  It  arises  from  a  minute  depression  in 
the  orbital  plate  of  the  superior  maxiEary  bone,  just  within  the  anterior 
margin  of  the  orbit,  and  close  to  the  external  border  of  the  lachrymal 
groove.  The  muscle  inclines  outwards  and  backwards  between  the  inferior 
rectus  and  the  floor  of  the  orbit,  and  ends  in  a  tendinous  expansion,  which 
passes  between  the  external  rectus  and  the  eyeball,  to  be  inserted  on  the 
external  and  posterior  aspect  of  the  globe. 

Actions. — The  recti  muscles  turn  the  eye  upwards,  downwards  and  from  side  to 
side,  thus  placing  the  axis  of  the  eye  in  these  or  any  intermediate  directions.  Evidence 
is  against  the  supposition  that  the  recti  muscles  are  capable  of  altering  the  position  of 
the  eyeball  in  an  antero-postcrior  direction,  nor  is  it  probable  that  they  can  in  any 
perceptible  degi-ee  change  its  form.  (Jacob,  "  On  Paralytic,  Neuralgic,  and  oilier 
Nervous  Diseases  of  the  Eye,"  in  "  Dublin  Med.  Press,"  1841 ;  G.  Johnson,  the  article 
"  Orbit,"  in  "  Todd's  Cyclopedia  of  Anatomy  and  Physiology.") 
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The  masseter,  temporal,  and  two  pterygoid  muscles  iorm  a  group  of 
muscles  of  mastication,  which  may  be  properly  considered  together. 

The  masseter  is  a  thick  quadrate  muscle,  whose  fibres  are  arranged  so  as  to 
form  two  portions  difiering  in  size  and  direction.  The  sujjerjicial  part  arises 
from  the  anterior  two-thirds  of  the  lower  border  of  the  zygomatic  arch,  chiefly 
by  thick  tendons  projecting  down  between  the  muscular  fasciculi,  to  which 
they  aflbrd  an  extensive  surface  of  origin  :  its  fibres  proceed  downwards  and 
a  little  backwards  to  be  inserted  into  the  lower  half  of  the  ramus  of  the  jaw, 
extending  as  far  as  the  angle.  The  fibres  of  the  deep  part  of  the  muscle, 
much  shorter  than  those  of  the  superficial  part,  and  directed  downwards 
and  forwards,  arise  from  the  posterior  third  of  the  lower  border  and  from 
all  the  deep  surface  of  the  arch,  and  becoming  united  with  the  superficial 
part,  are  inserted  into  the  upper  half  of  the  ramus  of  the  jaw,  including  the 
coronoid  process :  only  the  \ipper  and  back  part  of  this  portion  of  the  muscle 
is  left  uncovered  by  the  superficial  portion. 

The  external  surface  of  the  masseter  muscle  is  covered  for  the  most  part  only  by 
the  skin  and  fascia;  it  is,  however,  overlapped  behind  by  the  parotid  gland,  and 
crossed  by  its  duct ;  the  branches  of  the  facial  nerve  and  the  transverse  facial  artery 
also  rest  upon  it.  Its  inner  surface  is  towards  the  buccinator,  from  which  it  is  separated 
by  some  soft  adipose  tissue ;  it  is  in  intimate  contact  with  the  ramus  of  the  jaw,  and 
covers  a  nerve  and  vessels  which  enter  it  over  the  sigmoid  notch  of  that  bone. 

The  tempoi-cd  muscle  (crotaphite — Winslow)  is  fan-shaped,  occupies  the 
temporal  fossa,  and  arises  from  the  whole  surface  of  that  fossa,  with  the 
exception  of  the  anterior  or  malar  wall ;  it  likewise  takes  origin,  from  the 
deep  surface  of  the  temporal  fascia,  which  passes  down  over  it  to  the  zygoma, 
and  some  of  its  posterior  fibres  arising  from  this  fascia  are  blended  with  the 
deep  fibres  of  the  masseter  muscle.  The  direction  of  the  anterior  fibres  is 
nearly  vertical,  that  of  the  middle  fibres  oblique,  and  that  of  the  posterior 
fibres  at  first  horizontal.  The  fasciculi  from  this  extensive  origin  converge 
as  they  descend,  and  all  terminate  in  a  tendon,  which,  emerging  from  the 
interior  of  the  muscle,  is  implanted  into  all  the  inner  surface  as  well  as  the 
anterior  border  of  the  coronoid  process  of  the  lower  jaw-bone,  as  far  down 
as  the  union  of  the  body  and  ramus  of  the  jaw,  where  they  are  blended  with 
the  origin  of  the  buccinator  muscle. 

The  upper  part  of  the  muscle  is  in  contact  with  the  temporal  fascia ;  the  lower  and 
anterior  part  is  imbedded  in  fat  continuous  with  that  which  lies  between  the  masseter 
and  buccinator  muscles  ;  the  insertion  of  tlie  tendon  is  mainly  concealed  by  the  lower 
jaw.  Between  the  muscle  and  the  temporal  fossa  are  the  deep  temporal  arteries  and 
the  temporal  nerves,  which  penetrate  its  substance.  In  contact  with  the  deep  surface 
of  the  muscle  near  its  insertion  the  buccal  nerve  descends,  and  at  the  posterior  border 
of  the  insertion  the  masseteric  nerve  and  artery  emerge. 

The  internal  pterygoid  muscle  is  related  to  the  inner  surface  of  the  ramua 
of  the  jaw,  somewhat  in  the  same  manner  as  the  masseter  is  to  the  outer. 
It  arises  from  the  pterygoid  fossa  ;  its  fibres,  tendinous  and  fleshy,  being 
attached  mostly  to  the  inner  surface  of  the  external  pterygoid  plate,  and 
that  portion  of  the  tuberosity  of  the  palate-bone  which  is  situated  between 
the  pterygoid  plates.    Thence  it  is  inclined  downwards,  with  a  direction 
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backwards  and  outwards,  and  is  inserted  into  the  angle  and  the  inner 
surface  of  the  ramus  of  the  jaw  as  high  as  the  dental  foramen. 

Between  the  external  surface  of  the  muscle  and  the  ramus  of  the  maxilla  are  the 
internal  lateral  ligament  and  the  internal  maxillary  vessels,  with  the  dental  artery 
.ma  nerve ;  and  at  its  upper  part  the  muscle  is  crossed  by  the  external  pterygoid 
muscle,  us  inner  surface,  whilst  in  the  pterygoid  groove,  is  in  contact  with  the 
tensor  paiati  muscle;  and  lower  down  it  corresponds  with  the  superior  constrictor  of 


Fig.  158. 


B 


Fig.  158. — Views  op  the  Pterygoid  Muscles — A,  prom  the  outer  side  ;  B,  from 

THE  INNER  SIDE.  \ 

1,  external  pterygoid,  placed  on  the  upper  head  in  A,  on  the  lower  head  in  B ;  2, 
internal  pterygoid — the  outer  surface  in  A,  the  inner  surface  in  B. 


Fig.  159. 


Fig.  159. — View  op  a  Dissection  of  the 
lower  part  op  the  Skull  and  Pace, 
from  behind,  designed  to  show  the 

ATTACHMENTS  OF  THE  PteRTGOID  AND 

SOME  OTHER  MusoLEs  (modltied  from 


Bourgery). 


a,  placed  above  the  transverse  section 
of  the  basilar  part  of  the  occipital  bone, 
below  which  are  seen  the  posterior  nares 
and  palate ;  &,  transverse  section  through 
the  temporal  bone  ;  c,  roof  of  the  mouth  ; 
d,  back  of  the  head  and  neck  of  the 
lower  jaw,  above  which  are  seen  the 
synovial  cavities  of  the  joint  divided  by 
the  interarticular  fibro-cartilage ;  e, 
placed  below  the  symphysis  menti  ;  1,  on 
the  left  side  the  internal  pterygoid  muscle 
entire;  1',  on  the  right  side  the  lower  part 
of  the  same  muscle,  of  which  the  middle  portion  has  been  removed  to  show  the  external 
pterygoid  ;  2,  the  lo^^■er  thick  portion  of  the  external  pterygoid  ;  2',  on  the  right  side, 
points  to  the  upper  smaller  portion  of  the  muscle,  attached  in  part  to  the  interarticular 
plate;  3,  is  placed  at  the  side  of  small  portions  of  the  genio-hyoid  and  genio-hyo- 
glossus  muscles  cut  short  at  their  attachment  to  the  lower  and  upper  genial  tubercles  ;  4. 
the  attachment  of  the  mylo  hyoid  muscle  cut  short ;  5,  indicates  the  attachment  at  the 
side  of  the  symphysis  of  the  anterior  belly  of  the  digastric  muscle  ;  6,  the  masseter 
muscle  descending  to  the  angle  of  the  jaw. 

The  external  pterygoid  muscle,  occupying  the  zygomatic  fossa,  arises  by 
two  fleshy  heads  placed  close  together,  the  superior  of  which  is  tittaclied  to 
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that  part  of  the  external  surface  of  the  great  wing  of  the  sphenoid  bone 
which  looks  downwards,  and  to  the  ridge  which  separates  that  surface  from 
the  temporal  fossa  ;  while  the  inferior,  which  is  larger,  is  attached  to  the 
outer  surface  of  the  external  pterygoid  plate,  and  to  the  tuberosities  of  the 
palate  and  upper  maxillary  bones.  The  fibres  from  both  heads  pass  back- 
wards, and  being  mixed  with  tendon,  converge  to  be  inserted  into  the  fore 
part  of  the  neck  of  the  condyle  of  the  lower  jaw,  and  into  the  inter-articular 
fibro-cartUage  of  the  temporo-maxillary  articulation. 

The  internal  maxillary  artery  is  placed  on  the  outer  surface  of  this  muscle,  passing 
thence  betAveen  the  heads  of  origin ;  while  the  buccal  nerve  issues  from  between  those 
heads.  The  deep  surface  rests  against  the  upper  part  of  the  internal  pterygoid  muscle, 
whose  direction  it  crosses,  also  the  internal  lateral  ligament  of  the  lower  jaw,  the 
inferior  maxillary  nerve,  and  the  middle  meningeal  artery.  The  upper  border  is  in 
contact  with  the  great  wing  of  the  sphenoid  bone,  and  is  crossed  by  the  deep 
temporal  nerve  and  arteries. 

Actions. — The  masseter,  temporal,  and  internal  pterygoid  muscles  are  elevators  of 
the  lower  jaw,  and  generally  act  in  concert,  bringing  the  lower  in  contact  with 
the  upper  teeth.  The  opposite  movement  of  depressing  the  jaw,  not  being  opposed 
by  any  resisting  obstacle,  requires  less  force,  and  is  eflfected  by  muscles  of  much 
smaller  size,  the  principal  of  which  is  the  digastric  muscle  hereafter  described. 
The  external  pterygoid  muscle,  having  the  great  body  of  its  fibres  nearly  horizontal, 
draws  forwards  the  condyle  of  the  jaw,  and  when  the  muscles  of  both  sides  act 
together,  the  lower  jaw  is  protracted  so  as  to  make  the  inferior  incisor  teeth 
project  beyond  the  upper  incisors ;  but  their  more  usual  mode  of  action  is  alternately 
on  the  two  sides,  as  in  the  grinding  movement  of  the  molar  teeth,  in  which  a  variety 
of  muscular  actions  are  combined.  The  external  pterygoid  muscles  also,  though 
chiefly  hoi-izontal  movers  of  the  jaw,  likewise  contract  in  opening  the  mouth,  the 
condyles  of  the  jaw  being  drawn  forward  in  that  movement.  The  masseter  and 
internal  pterygoid  muscles  assist  in  protracting  the  jaw ;  the  temporal  alone  is  a 
retractor.  The  two  pterygoid  muscles  of  one  side,  in  advancing  one  condyle  of 
the  jaw,  necessarily  throw  the  teeth  towards  the  opposite  side. 


SUBMASILLABY  MUSCLES. 
A,   MUSCLES  CONNEOTLNG  THE  HYOID  BONE  WITH  THE  SKULL. 

The  digasi/ric  muscle,  extending  from  the  temporal  bone  to  the  lower  jaw, 
consists  of  two  elongated  muscular  bellies  united  by  an  intervening  rounded 
tendon,  which  is  connected  with  the  hyoid  bone.  The  posterior  belly, 
which  is  longer  than  the  anterior,  arises  from  the  digastric  groove  of  the 
temporal  bone,  and  tapers  downwards,  forwards,  and  inwards  :  the  anterior 
is  attached  to  a  rough  depression  situated  on  the  lower  border  of  the 
jaw-bone,  close  to  the  symphysis  ;  it  is  less  tapering  than  the  posterior 
belly,  and  is  directed  downwards  and  backwards.  The  intervening  tendon 
is  connected  with  the  body  and  great  cornu  of  the  os  hyoides  by  aponeurotic 
fibres  at  right  angles  to  its  own,  and  by  the  fleshy  fibres  of  the  stylo-hyoid 
muscle,  through  which  the  tendon  passes. 

The  anterior  belly,  placed  immediately  beneath  the  deep  cervical  fascia,  rests  on 
the  mylo-hyoid  muscle;  it  is  connected  with  its  fellow  of  the  opposite  side  by  dense 
fascia,  and  occasionally  is  united  by  muscular  fibres  to  it  or  to  the  mylo  hyoid  muscle 
The  posterior  belly  is  covered  by  the  mastoid  process  and  the  muscles  arising  from 
that  bone,  and  crosses  both  carotid  arteries  and  the  jugular  vein. 
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The  stylo-hyoid  muscle  lies  close  to  the  posterior  belly  of  the  di<n«f,.,V 

pUce  It  inchues  downwards  and  forw^u-ds,  to  be  inserted  into  the  os  hyoides 

d  videdlnr.  ?''f*  ^"'^y-  fil^^^^  -^"-lly 

ton  wT  insertion,  for  the  transmission  of  the 

tendon  of  the  digastric  muscle. 

ma^toi<?amfrj  f- ^^yJ°-'^y°\^'^"«<^le  lies  deeply,  being  covered  by  the  stemo- 
Te  !nri^  digastric  muHclcs,  and  by  part  of  the  parotid  gland ;  the  middle  crosses 
the  carotid  arteries ;  the  insertion  is  comparatively  superficial 

-ilfir  '  Vuf^  19  sometimes  wanting ;  occasionally  a  second  is  present  (stylo-hyoideus 
of  fhTf  varied-it  has  been  found  to  the  inner  side 

of  the  external  carotid  artery  instead  of  over  that  vessel.  ("The  Anatomy  and 
Operative  Surgery  of  the  Arteries/'  by  R.  Quain,  plate  12,  fig.  5.) 

Pig-  160,  Pig.  160.— YiEW  OF  THE  Sub- 

maxillary Muscles  and 
THE  Depressors  of  the 
HroiD  Bone  and  Larynx, 

FROM  BEFORE.  | 

On  the  right  side,  the  platys- 
ma  alone  has  been  removed  ; 
on  the  left  side  both  the 
bellies  of  the  digastric,  the 
stylo-hyoid,  the  mylo-hyoid, 
the  sterno-hyoid,  and  omo- 
hyoid muscles  have  been  re- 
moved :  a,  symphysis ;  6, 
angle  of  the  lower  jaw;  c, 
middle  of  the  body  of  the 
hyoid  bone ;  d,  mastoid  pro- 
cess ;  e,  thyroid  cartilage  ; 
/,  upper  part  of  the  sternum ; 
g,  lateral  lobe,  and  +,  isth- 
mus of  the  thyroid  gland  ; 
above  +,  the  front  of  the 
cricoid  cartilage  covered  by 
the  crico-thyroid  muscle;  1, 
posterior  belly;  1',  anterior 
belly  of  right  digastric  muscle  ; 
2,  right  mylo-hyoid;  3,  left 
genio-hyoid  ;  4,  hyo-glossus ; 
5,  stylo-glossus  ;  6',  a  portion 
of  it  seen  on  right  side  ;  6, 
stylo-hyoid  of  the  right  side ;  7,  stylo-pharyngeus  of  the  left  side  ;  8,  placed  on  the  levator 
scapuloB,  points  to  the  left  middle  constrictor  of  the  pharynx ;  9,  placed  on  the  middle 
scalenus,  points  to  the  left  inferior  constrictor;  10,  right  sternohyoid;  11,  placed  on 
the  left  sterno- thyroid,  points  also  to  the  lower  part  of  the  right  muscle  ;  12,  placed  on 
the  right  sterno-mastoid,  points  to  the  upper  and  lower  bellies  of  the  right  omo-hyoid  (e, 
points  to  the  thyro-hyoid  muscle). 

The  mylo-hyoid  muscle  arises  from  the  mylo-hyoid  ridge  along  the  inner 
surface  of  the  lower  jaw,  extending  from  the  last  molar  tooth  to  the  sym- 
physis. The  posterior  fibres  are  inserted  into  the  body  of  the  os  hyoides  ; 
the  rest,  proceeding  parallel  to  the  fibres  behind,  join  at  an  angle  with  those 
of  the  corresponding  muscle,  forming  with  them  a  soit  of  raphe'  along  the 
middle  line,  from  the  symphysis  of  the  jaw  to  the  os  hyoides.  Thus 
the  two  muscles  together  form  a  floor  below  tlie  anterior  part  of  the  moutli 
{diajylwacjma  oris  of  Meyer). 
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The  lower  surface  of  the  mylo-hyoid  muscle  is  covered  by  the  digastric  muscle,  the 
sub-maxillary  gland,  and  the  sub-mental  vessels  and  nerve.  The  deep  surface  which 
looks  upwards  and  inwards  to  the  mouth,  is  in  contact  with  the  geuio-hyoideus  and 
part  of  the  hyo-glossus  and  stylo- 
glossus muscles,  the  ninth  and  gusta- 
tory nerve-s,  the  sub-lingual  gland,  and 
the  duct  of  tlie  sub-maxillary  gland. 
The  posterior  border  alone  is  free  and 
unattached,  and  behind  it  the  duct 
of  the  sub-maxillary  gland  turns  in 
passing  to  the  mouth. 

Fig.  161.— A,  THB  Lower  Jaw  and 
Hyoid  Bone,  from  below,  with 
THE  Mylo-Hyoid  Muscles  at- 
tached. 

b,  the  same,  prom  behind,  with  the 
Mtlo-Htoid  AND  Genio-Hyoid  Mus- 
cles ATTACHED.  | 

a,  the  symphysis ;  6,  the  angle  of 
the  lower  jaw  ;  c,  the  lower  border  of 
the  body  of  the  hyoid  bone  ;  d,  in  B, 
the  inferior  dental  foramen  and  upper 
end  of  the  mylo-liyoid  ridge  :  in  A, 
1,  the  left,  1',  the  right  mylo-hyoid 
muscle  from  below  :  in  B,  1,  the  right, 
1',  the  left  mylo-hyoid  muscle  from 
above  ;  2,  the  right,  2',  the  left  genio- 
hyoid muscle  from  above ;  3,  the  cut 
ends  of  the  attachment  of  the  genio- 
glossi  muscles  to  the  superior  genial 
spines. 

The  genio-hyoid  muscle,  a  narrow  muscle  resting  on  the  mylo-hyoid,  and 
in  contact  with  its  fellow  in  the  middle  line,  arises  from  the  inferior  of  the 
two  genial  tubercles  behind  the  symphytis  of  the  jaw,  and  is  inserted  into 
the  body  of  the  hyoid  bone. 

It  is  in  contact  above  with  the  lower  border  of  the  genio-glossus  muscle. 

Actions. — The  genio  hyoid  and  mylo-hyoid  muscles  draw  the  hyoid  bone  upwards 
and  forwards,  as  happens  in  the  first  stage  of  deglutition.  The  stylo-hyoid  muscle 
draws  it  upwards  and  backwards,  and  comes  into  action  in  raising  the  pitch  of  the 
voice.  The  anterior  belly  of  the  digastric  muscle  acts  b}'  itself  like  the  genio- 
hyoid, and  the  posterior  half  like  the  stylo-hyoid ;  but  when  both  bellies  act 
together,  they  are  capable  of  producing  two  movements,  in  one  of  which,  when  the 
lower  jaw  is  fixed,  the  hyoid  bone  is  elevated,  and  in  the  other,  when  the  hyoid 
bone  is  held  downwards  by  the  depressing  muscles,  the  digastric  muscle  opens  the 
mouth  by  depressing  the  lower  jaw. 

B.   MUSCLES  OF  THE  TONGUE. 

The  tongue  is  a  muscular  organ  attached  posteriorly  to  the  hyoid  bone, 
and  inferiorly  to  the  lower  jaw.  It  is  composed  partly  of  fibres  peculiar  to 
itself — the  inf/rinsic  muscles,  which  will  be  noticed  in  another  place ;  partly 
of  muscles  arising  from  neighbouring  parts — the  extrinsic  muscles  about  to 
be  described. 

The  {fcnio-glossus  or  gcnio-hyo-glossus  muscle  is  fan-shaped,  aud  is  placed 
vertically  in  contact  with  its  fellow  close  to  the  mesial  plane.    It  arises  by 


Fig.  IGl. 
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a  short  tendon  from  the  superior  genial  tubercle  behind  the  symphysis  of 
the  jaw  :  from  this  its  fibres  diverge  and  are  inserted  in  an  extensive  range 
VIZ.,  those  which  are  most  inferior  into  the  body  of  the  hyoid  bone,  and  a 
lew  into  the  side  of  the  pharynx;  those  which  are  most  superior  into  the 
tip  ot_  the  tongue ;  and  the  intermediate  fibres  into  its  whole  len^Hh 
diverging  transversely  in  its  substance.  °  ' 

The  external  surface  is  in  contact  with  the  lingualis  inferior,  hyo-glossus  and  stylo- 
glossus muscles,  the  sub-Ungual  gland,  the  ranine  vessels,  and  the  nerves  of  the  tongue. 


Fig.  162. 


Fig.  162. — Sketch  op  a  part 
op  the  lept  side  of  the 
Skull,  the  right  side  op 
THIS  body  of  the  Lower  Jaw, 
AND  the  ToKonE,  Hyoid 
Bone,  Larynx,  and  Trachea, 
SHOAviNO  the  Extrinsic 
Muscles  op  the  Tongue, 
&o.  i 

a,  external  pterygoid  pro- 
cess;  b,  styloid  process ;  c, 
section  of  the  symphysis  of  the 
lower  jaw ;  d,  front  of  the 
body  of  the  liyoid  bone ;  e, 
thyroid  cartilage ;  /,  front  of  the 
cricoid  cartilage ;  between  d 
and  e,  the  thyro-hyoid  mem- 
brane and  ligament ;  g,  isthmus 
of  the  thyroid  gland  in  front 
of  the  trachea;  1,  left  stylo- 
glossus muscle  ;  2,  stylo-hyoid ; 
3,  stylo -pharyngeus ;  4,  cut 
edge  of  the  mylo-hyoid  ;  5, 
geniohyoid;  6,  genio-hyo-glos- 
sus  ;  7,  hyo-glossus  ;  8,  lingua- 
lis inferior  ;  9,  part  of  the  supe- 
rior constrictor  of  the  pharynx ; 
10,  back  part  of  the  middle 
constrictor ;  11,  inferior  con- 
strictor ;  12,  upper  part  of  the 
oesophagus ;  13,  crico -thyroid 
muscle. 


The  hyo-glossus  is  a  flat 
quadrate  muscle,  arising 
from  the  whole  length  of 
the  great  cornu  of  the  hyoid  bone,  from  the  lateral  part  of  the  body  of  that 
bone,  and  from  the  small  cornu  ;  the  fibres  arising  from  those  three  sources 
(formerly  distinguished  as  cerato-glossus,  basio-glossus,  and  chondro-glossus 
respectively — Albinus)  pass  upwards  to  be  inserted  into  the  side  of  the 
tongue,  blended  with  the  stylo-glossus  and  palato-glossus  muscles. 

The  hyo-glossus  is  concealed  by  the  digastric  and  mylo-hyoid  muscles,  except  at  its 
posterior  inferior  angle ;  the  deep  part  of  the  sub-maxillarj'  gland  rests  on  its  surface, 
and  it  is  crossed  from  below  upwards  by  the  hypo-glossal  nerve,  the  W^hartonian  duct, 
and  the  gustatory  nerve.  It  covers  the  genio-glossus  and  the  origin  of  the  middle 
constrictor  of  the  pharynx,  together  with  the  lingual  artery  and  glosso-pharyngeal 
nerve. 


The  stylo-glossus,  the  shortest  of  the  three  muscles  which  spring  from  the 
styloid  process,  arises  from  that  process  not  far  from  its  point,  and  from  the 
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tylo-maxUlary  ligament,  to  which  in  some  cases  the  greater  number  of 
its  fibres  are  attached  by  a  thin  aponeurosis  :  passmg  forWs  slightly 
downwards,    it    is  inserted 


Fig.  103. 


is 

along  the  side  and  under  part 
of  the  tongue  as  far  as  the  tip, 
its  fibres  decussating,  and  be- 
coming blended  with  those  of 
the  hyo-glossus  and  palato- 
glossus muscles. 

This  muscle  lies  deeply  beneath 
the  parotid  gland,  and  is  crossed 
by  the  gustatory  nerve.  It  arises 
occasionally  from  the  inner  side  of 
the  angle  of  the  lower  jaw  ;  and 
cases  have  been  observed  in  which 
it  was  altogether  absent. 

Fig.  163. — View  op  part  op  the 

LEFT    SIDE    OP   THE   HeAD  AND 

Throat,  to  show  the  dkep  Mds- 

CLES  OF  THE  ChEEK,  PhABYNX, 

&0.  (modified  from  Cloquet).  ^ 

The  pharynx  has  been  distended 
by  stuffing,  a,  external  pterygoid 
process  ;  h,  styloid  process,  with 
short  portions  of  the  three  styloid 
muscles  attached  ;  c,  body  of  the 
lower  jaw,  which  has  been  divided 
at  the  place  where  the  pterygo- 
maxillary  ligament  +  is  attached  ; 
d,  body  of  the  hyoid  bone ;  e, 
thyroid  cartilage;  /,  cricoid  carti- 
lage ;  CI,  interval  between  the  first 
and  second  ring  of  the  trachea  ;  1, 
outer  part  of  the  orbicularis  oris  muscle  ;  2,  buccinator;  3,  superior  constrictor  of  the 
pharynx  ;  4,  middle  constrictor  ;  5,  inferior  constrictor ;  6,  oesophagus  ;  7,  points  by 
three  lines  to  the  lower  parts  of  the  stylo-glossus,  stylo-hyoid,  and  stylo-pharyngeas 
muscles  respectively  ;  8,  mylo-hyoid ;  9,  hyo-glossus,  of  which  a  small  part  is  removed 
posteriorly  to  show  the  attachment  of  the  middle  constrictor  ;  10,  thyro-hyoid. 

Actions. — The  genio-glossus  muscle  has  a  complicated  action,  one  part  protruding 
and  another  retracting  the  tongue,  while  a  third  depresses  the  middle  portion  of 
the  organ.  Protrusion  is  efifected  by  contraction  chiefly  of  its  posterior,  and  retrac- 
tion by  contraction  of  its  anterior  fibres,  and  the  middle  part,  or  nearly  the  whole 
muscle,  acts  as  the  depressor.  In  deglutition  the  stylo-glossus  muscle  raises  the  sides 
of  the  tongue  spasmodically  backwards  and  upwards,  while  the  hyo-glossus  opposes 
that  action.  In  other  circumstances  the  first  muscle  assists  in  forming  a  hollow, 
while  the  second  tends  to  producing  a  convexity  in  the  dorsum  of  the  tongue. 

MUSCLES  OF  THE  PHARYNX  AND  SOFT  PALATE. 

The  pharynx,  the  dUated  superior  part  of  the  alimentary  tube,  extending 
from  the  base  of  the  skull  to  the  oesophagus,  presents  at  the  sides  and  pos- 
teriorly a  continuous  wall,  in  great  part  formed  and  supported  by  distinct 
muscles  resting  in  front  of  the  vertebral  column,  and  is  open  in  front 
towards  the  nasal  cavity,  the  mouth,  and  larynx. 

The  constnctors  of  the,  pharynx  are  three  thin  expanded  muscles  which 
invest  the  pharyngeal  wall,  overlapping  one  another  upwards,  so  that  the 
lowest  is  most  superficial. 
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The  inferior  constrictor  arises  from  tlio  side  of  the  cricoid  cartilage,  and 
from  the  oblique  lateral  ridge  aud  upper  and  lower  borders  of  the  thyroid 
cartilage,  aud  curves  backwards,  expanding  as  it  proceeds,  and  unites  with 
its  fellow  in  the  middle  line  behind  the  pharynx.  The  direction  of  the 
inferior  fibres  is  hoi-izoutal,  concealing  and  overlapping  the  commencement 
of  the  oesophagus  ;  the  rest  ascend  with  increasing  degrees  of  obliquity,  and 
cover  the  lower  part  of  the  middle  constrictor. 

The  outer  surface  of  the  muscle  is  in  contact  at  the  side  of  the  larynx  with  the 
thyroid  body,  the  carotid  artery,  and  the  sterno-thyroid  muscle ;  and  from  this  last, 
where  the  two  muscles  meet  on  the  thyroid  cartiliige,  some  fibres  are  continued  into  the 
constrictor.  The  two  laryngeal  nerves  pass  inwards  to  the  larynx,  close  respectively 
to  the  upper  and  lower  margins  of  this  constrictor — one  being  interposed  between  it 
and  the  middle  constrictor,  the  other  between  it  and  the  oesophagus. 

The  inferior  constrictor  was  described  by  the  older  anatomists  as  two  muscles  which 
received  various  names,  the  most  appropriate  of  these  being  thyro-pharyngeus  and 
crico-pharyngeus.   In  some  animals  they  are  found  quite  distinct  from  one  another. 


Fig.  164.  Fig.  164.— View  os 

THE  Muscles  op 
THE  Pharynx,  &.o. 
FROM  BEHIND  (after 
Bourgery).  j 


The  back  part  of 
the  skull,  the  ver- 
tebral column  and 
back  parts  of  the 
ribs  are  rerooved.  a, 
cut  surface  of  the 
basilar  process ;  &, 
the  clavicle ;  c,  the 
first  rib ;  d,  the 
ramus  of  the  lower 
jaw ;  e,  posterior  ex- 
tremity of  the  great 
cornu  of  the  hyoid 
bone  ;  /,  posterior 
surface  of  the  manu- 
brium of  the  ster- 
num ;  1,  superior 
constrictor  muscle  of 
the  pharynx ;  above 
it  the  fibrous  mem- 
brane which  closes 
the  pharynx ;  2,  mid- 
dle constrictor  ;  2', 
a  dotted  line,  indi-  • 
eating  the  direction 
of  the  lower  part  of 
the  muscle  ;  3,  the 
inferior  constrictor  ; 
4,  oesophagus  ;  5,  in- 
ternal pterygoid ;  6, 
Btylo-glossus ;  7,  pos- 
terior belly  of  the 

digastric  •  8,  a  portion  of  the  stylo-hyoid  surrounding  the  tendon  of  the  digastric ;  9, 
Bterno-mastoid  ;  10,  upper  belly  of  the  omo-hyoid  ;  11,  sterno-thyroid. 

The  middle  constrictor,  smaller  tlum  the  preceding,  arises  from  the  upper 
part  of  the  great  cornu  of  the  os  hyoides,  from  the  smaller  cornu  and  from 
the  stylo-hyoid  ligament :  its  fibres  diverging  greatly  pass  back  to  the  middle 
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line  of  tlie  pharynx  behind,  the  lower  fibres  inclining  downwards  beneath  the 
inferior  constrictor,  the  highest  ascending  and  overlapping  the  superior  con- 
strictor, and  the  intermediate  fibres  nmning  transversely. 

Tliis  muscle  is  separated  from  tlie  superior  constrictor  by  the  stylo-pharj-ngcus 
muscle  and  the  glosso-pharyngeal  nerve,  while  between  its  origin  and  that  of  the 
inferior  constrictor  the  superior  laryngeal  nerve  pierces  the  thyro-hyoid  membrane. 

Fibres  of  the  middle  constrictor  have  been  observed  to  arise  from  the  body  of  the 
OS  hyoides,  and  the  thyro-hyoid  ligament  (syndesmo-pliaryngeus  of  Douglas),  and  a 
few  are  frequently  continued  into  it  from  the  genio-hyo-glossus  muscle.  The  two 
middle  constrictors  have  been  found  connected  behind  to  the  base  of  the  skull  by  a 
fibrous  band  (Albiwis). 

The  superior  constrictor  arises  by  fibres  attached  in  series  from  below 
upwards,  a  few  to  the  side  of  the  tongue,  and  others  to  the  mucous  mem- 
brane of  the  mouth,  to  the  extremity  of  the  mylo-hyoid  ridge  of  the  jaw,  to 
the  pterygo-maxillary  ligament  which  separates  this  muscle  from  the  bucci- 
nator, and  to  the  lower  third  of  the  internal  pterygoid  plate.  From  these 
different  points  the  fibres  of  the  muscle  curve  backwards,  and  are  mostly 
blended  with  those  of  the  corresponding  muscle  along  the  middle  line,  a 
few  ending  posteriorly  in  the  aponeurosis  which  fixes  the  pharynx  to  the 
base  of  the  skull.  The  upper  margin  curves  round  the  levator  palati  mollis 
and  the  Eustachian  tube  ;  and  the  space  intervening  between  this  concave 
margin  of  the  constrictor  and  the  base  of  the  skull  is  closed  by  fibrous 
membrane. 

In  contact  with  the  outer  surface  of  this  muscle  are  the  internal  carotid  artery,  with 
the  eighth  and  other  large  nerves ;  the  middle  constrictor,  which  overlaps  a  consider- 
able portion ;  and  the  stylo-pharyngeus,  which  descends  to  the  pharynx  between  the 
two  constrictors.  It  conceals  the  palato-pharyngeus  and  the  tonsil,  and  is  lined  by 
mucous  membrane. 

The  stylo-pharyngeus,  larger  and  longer  than  the  other  styloid  muscles, 
arises  from  the  inner  surface  of  the  styloid  process,  near  the  root,  and  pro- 
ceeding downwards  and  inwards  to  the  side  of  the  pharynx,  passes  under 
cover  of  the  middle  constrictor  muscle,  where  it  detaches  some  fibres  to  the 
constrictors,  and  gradually  expanding,  is  connected  with  the  palato-pharyn- 
geus muscle,  and  ends  in  the  superior  and  posterior  borders  of  the  thyroid 
cartilage. 

The  external  surface  of  this  muscle  is,  in  the  upper  part  of  its  extent,  in  contact 
with  the  styloid  process,  the  stylo-hyoideus  muscle,  and  the  external  carotid  artery  ; 
in  the  lower,  with  the  middle  constrictor  of  the  pharynx.  Internally  it  rests  on  the 
internal  carotid  artery  and  jugular  vein  ;  but  more  inferiorly  it  is  in  contact  with  the 
mucons  membrane  of  the  pharynx.  The  glosso-phaiyngeal  nerve  is  close  to  the 
muscle,  and  crosses  over  it  in  turning  forwards  to  the  tongue. 

The  salpimjo-pharymje.us  (Santorini)  is  a  small  muscle,  which,  arising  from 
the  Eustachian  tube,  descends  in  the  interior  of  the  pharynx  towards  its 
back  part,  and,  after  joining  with  the  palato-phaiyngeus,  is  lost  in  the 
rauscixlar  structure  of  the  cavity.  It  is  often  indistinct,  and  is  frequently 
absent. 

The  Soft  Palate  {vdum  pendulum  palati)  is  a  movable  curtain,  continued 
backwards  from  the  hard  palate.  It  presents  posterioriy  a  free  pendulous 
margin,  prolonged  in  the  middle  into  a  conical  process,  the  umda,  and  at 
each  side  into  two  prominent  curved  lines,  the  anterior  of  which,  the  anterior 
pillar  of  the  fauces,  descends  to  the  side  of  the  tongue,  while  the  posterior 
Ime,  the  posterior  pillar  of  the  fauces,  extends  into  the  pharynx  :  between  the 
two  18  lodged  the  tonsil.    The  constricted  passage  between  the  anterior  pillars 
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leading  from  the  mouth  to  the  pharynx,  is  called  the  isthmus  of  the  fauces. 
The  soft  palate  is  acted  on  by  five  pairs  of  elongated  muscles,  two  superior^ 
one  in  the  middle,  and  two  inferior.  Of  the  two  inferior  pairs  of  muscles', 
one  is  common  to  the  palate  and  tongue,  the  otlier  to  the  palate  and 
pharynx. 

^  The  palato-glossus  or  constrictor  istlimi  faucium  occupies  the  anterior 
pillar  of  the  fauces.  Superiorly  it  is  anterior  to  all  the  other  muscles  of  the 
velum,  and  its  fibres  are  continuous  with  those  of  its  fellow  of  the  opposite 
side  ;  inferiorly,  it  is  lost  on  the  side  of  the  tongue. 


Fiff.  165. 


Fig.  16.5. — DiAGRAMMATio  View  OF  the 
Muscles  in  the  antekiok  wall  and 

SIDES  OP  THE  PhARTNX,  FROM  BEHIND.  ^ 

The  posterior  wall  of  the  pharynx  has 
been  divided  by  a  vertical  incision  in 
the  middle  line,  and  the  cut  edges  drawn 
to  the  side  so  as  to  expose  the  nasal, 
buccal,  and  laryngeal  openings  into  the 
pharynx,  a,  is  above  the  out  surface  of 
the  basilar  part  of  the  occipital  bone, 
and  below  that  are  the  posterior  nares; 
6,  upon  the  cut  petrous  bone,  points  by 
a  line  to  the  cartilage  of  the  Eustachian 
tube  of  the  right  side  ;  c,  the  back  of 
the  ramus  of  the  lower  jaw;  d,  the 
posterior  border  of  the  thyroid  cartilage  ; 
e,  middle  of  the  upper  part  of  the  cricoid 
cartilage;  /,  base  of  the  tongue  in  the 
buccal  aperture  above  the  epiglottis  ;  g, 
lower  end  of  the  cavity  of  the  pharynx 
leading  down  into  the  gullet ;  1,  supe- 
rior constrictor  of  the  pharynx  seen  from 
within,  and  part  of  the  middle  con- 
strictor; 2,  palato  pharj'ngeus  descend- 
ing to  its  insertion  in  the  pharynx  and 
thyroid  cartilage  ;  2',  the  lower  part 
of  the  same  muscle,  on  the  right  side, 
the  tipper  having  been  removed ;  3, 
placed  on  the  internal  pterygoid  muscle, 
points  to  the  levator  palati ;  4,  the  circumflexus  palati  muscle  on  the  right  side  descend- 
ing from  the  navicular  fossa,  and  winding  round  the  pulley-like  groove  of  the  hamular 
process  into  the  palate  ;  5,  the  retractor  or  azygos  uvulse  muscles  ;  above  e,  the  transverse 
arytenoid  muscle,  and  below  it  on  each  side  the  posterior  crico-arytenoid  muscle. 


The  palato-pharyiigeiis,  occupying  the  posterior  pillar  of  the  pharynx, 
arises  in  the  soft  palate  by  fibres  connected  with  those  of  the  opposite  side, 
and  passing  partly  above  and  partly  below  the  levator  palati  and  azygos 
muscles.  As  the  muscle  descends  it  becomes  greatly  expanded,  and  its 
fibres  are  found  extended  from  the  posterior  cornu  of  the  thyroid  cartilage, 
back  to  the  middle  line  of  the  pharynx  posteriorly. 

The  azygos  uvulce  (Morgagni),  so  called  from  having  been  supposed  to  be 
a  single  muscle,  consists  of  two  slips  arising,  one  on  each  side  of  the  middle 
line,  from  the  tendinous  structure  of  the  soft  palate,  and,  sometimes,  from 
the  spine  of  the  palate-plate,  and  descending  into  the  uvida.  The  two  slips 
are  separated  by  a  slight  interval  above,  and  unite  as  they  descend. 

The  levator  palati  arises  from  the  extremity  of  tlie  petrous  portion  of  the 
temporal  bone,  in  front  of  the  orifice  of  the  carotid  canal,  and  from  the 
cartilaginous  part  of  the  Eustachian  tube.  Approaching  the  middle  line  as  it 
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passes  downwards  and  forwards,  it  is  inserted  aponenrotically  into  the  pos- 
terior part  of  the  soft  palate,  and  meets  its  neighbour  of  the  opposite  side. 
In  its  upper  part  it  is  placed  above  the  concave  margin  of  the  superior 
constrictor. 

The  circumflexii^  or  tensor  palati  arises  from  the  navicular  fossa  at  the 
root  of  the  internal  pterygoid  plate,  from  the  outer  side  of  the  Eustachian 
tube,  from  the  spine  of  the  sphenoid,  and  the  edge  of  the  tympanic  plate  of 
the  temporal  bone.  It  descends  perpendicularly,  resting  on  the  internal 
pterygoid  plate,  between  it  and  the  internal  pterygoid  muscle,  and  ends  in 
a  tendon  which,  winding  round  the  hamular  process,  lubricated  by  a  bursa, 
extends  horizontally  inwards,  and  terminates  in  the  forepart  of  the  aponeu- 
rosis of  the  soft  palate  and  the  posterior  border  of  the  palate  bone. 

Actions. — The  muscles  of  the  pharynx  and  soft  palate  are  so  arranged  as  to 
accomplish,  in  conjunction  with  those  of  the  tongue  and  hyoid  bone,  the  action  of 
deglutition — that  is  to  say,  tlie  propulsion  of  food  into  the  oesophagus  without  any 
portion  being  permitted  to  pass  into  the  nasal  cavity  or  larynx.  While  the  tongue 
near  the  fauces  is  thrown  upwards  and  backwards  by  the  stylo-glossi  muscles,  and  the 
larynx  is  drawn  upwards  and  forwards  under  it  by  muscles  attached  to  the  hyoid-bone, 
and  by  the  stylo-pharyngeus  muscle,  so  as  to  be  both  closed  by  the  epiglottis  and 
overlapped  by  the  tongue,  the  palato-glossi  muscles  constrict  the  fauces  and  shut  off 
the  bolus  from  the  mouth.  The  soft  palate  is  raised  and  made  tense  by  its  superior 
muscles  ;  the  palato-pharyngei,  being  approximated,  nearly  touch  one  another  (the  uvula 
lying  in  the  small  interval  between  them),  and  prevent  the  passage  of  the  food  towards 
the  upper  part  of  the  pharynx  or  the  posterior  nares,  while  at  the  same  time  they  form 
an  inclined  surface  for  its  guidance  into  the  lower  part  of  the  pharynx.  The  food 
being  thus  thrown  into  the  grasp  of  the  constrictors  of  the  phai7nx,  those  muscles 
contract  from  above  downwards  and  force  it  into  the  tube  of  the  gullet  below. 

MUSCLES  DBPEESSING  THE  HYOID  BONE. 

The  sterno-hyoid  muscle,  a  flat  band  of  longitudinal  fibres,  arises 
variously,  from  the  sternum  and  the  posterior  stemo-clavicular  ligament, 
from  the  clavicle  and  that  ligament,  or  from  the  clavicle  only,  and  occa- 
sionally, to  a  small  extent,  from  the  cartilage  of  the  first  rib.  It  is  inserted 
into  the  lower  border  of  the  body  of  the  hyoid  bone. 

The  muscle  is  concealed  below  by  the  sternum  and  the  stemo-mastoid,  higher 
up  by  the  skin  and  fascia  only;  it  lies  on  the  sterno-thyroid  and  thyro-hyoid 
muscles,  which  it  partly  covers.  The  inner  border  approaches  that  of  the  corre- 
sponding muscle  towards  the  middle  of  its  extent,  but  is  separated  from  it  by  a 
slight  interval  superiorly,  and  by  a  larger  interval  near  the  sternum ;  the  outer 
margin  is  in  contact  with  the  omo-hyoid  near  the  os  hyoides.  The  muscular  fibres 
are,  in  many  cases,  interrupted  by  a  transverse  tendinous  intersection. 

The  sterno-thyroid,  broader  and  shorter  than  the  preceding  muscle,  behind 
■which  it  lies,  arises  from  the  thoracic  surface  of  the  first  bone  of  the  sternum 
lower  down  and  more  internally  than  the  sterno-hyoid  muscle,  and  ascends' 
diverging  a  little  from  its  fellow,  to  be  inserted  into  the  oblique  line  on 
the  ala  of  the  thyroid  cartilage. 

The  greater  part  of  its  anterior  surface  is  concealed  by  the  sternum  and  (he  sterno- 
hyoid muscle  as  well  as  by  the  stemo-mastoid.  By  its  deep  surfocc  it  rests  on 
the  innominate  vem,  the  lower  part  of  the  common  carotid  artery,  the  trachea,  and 
the  thyroid  body     The  mncr  margin  is  contiguous  to  the  muscle  of  the  other  side  in 

mat  Sen  "^'^^^  '""^  T^^^^  °^  ^-^-0^°-^  - 

This  muscle  is  often  partly  crossed  by  transverse  or  oblique  tendinous  lines.  At 
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1ml  "i;;:^'!'^^.''*^"^^^^  f  few  fibres  are  often  found  to  blond  with  the  tliyro-hyoid  muscle 
and  the  mfcnor  constrictor  of  the  pharynx. 

Pig.  16(3. 


Fig.    166. — ViKW   OP  THE 
SUBMAXIILAUY  MOSOLES 

AND  THE  Depressors  of 
THE  Htoid  Bonk  and 
Larynx,  from  before.  J 

The  explanation  of  the 
references  to  the  upper 
parts  of  the  figure  is  given 
at  p.  184.  c,  middle  of 
the  body  of  the  hyoid  bone  ; 
d,  mastoid  process  ;  e,  front 
of  the  thyroid  cartilage ;  /, 
upper  part  of  the  sternum  ; 
g,  lateral  lobe  of  the  thy- 
roid gland  ;  + ,  its  isth- 
mus, above  which  is  the 
cricoid  cartilage  covered  by 
the  crico-thyroid  muscle; 
8,  placed  on  the  levator 
scapuljE,  points  to  the  left 
middle  constrictor  of  the 
pharynx  ;  9,  placed  on  the 
middle  scalenus,  points  to 
the  left  inferior  constrictor; 
10,  right  sterno-hyoid  ;  11, 
placed  on  the  left  sterno- 
thyroid, points  also  to  the 
lower  part  of  the  right  muscle  ;  12,  placed  on  the  right  slerno-mastoid,  points  to  the 
upper  and  lower  bellies  of  the  right  omo-hyoid. 


The  thyro-hyoid  muscle  is  continued  upwards  from  the  preceding  ;  it 
arises  from  the  oblique  line  on  the  ala  of  the  thyroid  cartilage,  and  is 
inserted  into  tlie  lower  border  of  the  body  and  great  cornu  or  the  hyoid 
bone,  near  the  place  where  these  unite. 


This  muscle  is  concealed  by  the  sterno-hyoid  and  omo-hj'oid,  and  rests  on  the  ala 
of  the  thyroid  cartilage,  and  on  the  thyro-hyoid  membrane.  Between  that  membrane 
and  the  muscle,  the  superior  laryngeal  nerve  and  arteiy  are  placed  before  entering  the 
larynx. 


The  omo-liyoid  is  a  long  ribbon-shaped  mupcle,  consisting  of  two  bellies 
united  by  an  intervening  tendon.  It  arises  from  the  upper  border  of  the 
scapula,  near  the  suprascapular  notch,  and  occasionally  from  the  ligament 
which  crosses  the  notch.  Thence  it  extends  forwards  and  only  slightly 
upwards,  across  the  root  of  the  neck,  till  it  enters  beneath  the  sterno-mas- 
toid  muscle,  and  then,  curving  rapidly,  it  ascends  nearly  vertically,  to  be 
inserted  into  the  lower  border  of  the  body  of  the  hyoid  bone.  The  ten- 
don "which  divides  the  muscle  is  placed  beneath  the  sterno-mastoid  muscle, 
and  varies  mucb  in  length  and  form  in  different  bodies.  The  tendon  is 
enclosed  within  the  deep  cervical  fascia,  which  after  forming  a  sort  of 
sheath  for  it,  is  prolonged  downwai'ds  and  becomes  attached  to  the  sternum 
and  the  cartilage  of  the  first  rib  ;  and  by  this  means,  as  also  by  fascia 
investing  the  posterior  belly  and  descending  to  the  clavicle,  the  muscle  is 
maintained  in  its  curved  position. 
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At  its  scapular  origin  the  muscle  is  covered  by  the  trapezius,  in  the  middle  of  its 
course  by  the  sterno-mastoid,  and  at  its  upper  part  by  the  platysma ;  it  crosses  the 
scaleni  muscles,  the  cervical  nerves,  the  sheath  of  the  common  carotid  artery  and 
jugular  vein,  and  the  sterno-thyroid  and  thyro-hyoid  muscles. 

The  muscle  occasionally  is  attached  to  the  clavicle  instead  of  the  scapula,  arising 
from  the  former  bone  about  its  middle,  and  in  such  a  case  the  posterior  belly  is 
absent.  One  instance  has  been  recorded  (U.  Quain)  in  which  the  posterior  belly  alone 
was  present,  and  was  connected  to  the  hyoid  bone  by  a  band  of  fascia.  The  muscle 
has  likewise  been  observed  double,  one  slip  being  attached  to  the  clavicle  and  the 
other  to  the  normal  place  of  origin  on  the  scapula. 

Actions. — While  the  sterno-hyoid  and  omo-hyoid  muscles  act  only  as  depressors  of 
the  hyoid  bone,  and  the  sterno-thyroid  as  a  depressor  of  the  larynx,  the  sterno-thyroid 
muscle,  being  a  direct  depressor  of  the  thyroid  cartilage,  may  draw  down  the  hyoid 
bone  Avhcn  it  acts  in  conjunction  with  the  thyro-hyoid  :  the  latter  muscle  elevates  the 
larj'nx  when  the  hyoid  bone  is  fixed.  In  the  act  of  swallowing,  the  hyoid  bone  and 
thyroid  cartilage  pass  suddenly  upwards  and  forwards,  and  their  natural  position  is 
restored  by  the  action  of  the  muscles  under  consideration,  the  bone  moving  in  the 
direction  of  the  omo-hyoid  muscles.  In  the  utterance  of  low  notes  the  larynx  and 
hyoid  bone  descend  below  the  natural  level,  in  the  direction  in  which  the  sternal 
muscles  pull ;  while  in  the  utterance  of  high  notes  there  is  little  elevation  of  the  hyoid 
bone,  but  the  larjmx  is  raised  by  the  action  of  the  thyro-hyoid  muscles. 

PLEXOR  MUSCLES  OF  THE  NECK. 

The  sterno-cleido-mastoid  or  sterno-mastoid  muscle  is  attached  inferiorly 
in  two  parts  to  the  anterior  surface  of  the  sternum  and  the  inner  third  of 
the  clavicle.  The  sternal  attachment  is  thick  and  rounded,  tendinous  in 
front  and  fleshy  behind.  The  clavicular  portion,  separated  from  the  sternal 
by  a  narrow  interval,  is  flat,  and  is  composed  of  fleshy  and  tendinous  fibres. 
Those  two  portions  become  blended  together  about  the  middle  of  the  neck 
into  a  thick  and  prominent  muscle,  which,  extending  upwards  and  back- 
wards, is  attached  superiorly  to  the  anterior  border  and  external  surface  of 
the  mastoid  process,  and  from  thence  backwards  into  a  rough  ridge  of  the 
temporal,  and  by  a  thin  aponeurosis  into  the  outer  part  of  the  superior 
curved  line  of  the  occipital  bone. 

This  muscle  is  covered  for  more  than  the  middle  three-fifths  of  its  extent  by 
the  platysma.  It  is  also  crossed  by  the  external  jugular  vein,  and  by  the 
ascending  superficial  branches  of  the  ceiwical  plexus  of  nerves.  It  rests  on  part  of 
the  stemo-hyoid  and  sterno-thyroid  muscles,  and  crosses  the  omo-hyoid  muscle ;  in 
the  middle  part  of  the  neck  it  covers  the  cervical  plexus  and  the  great  cervical 
vessels,  and  in  the  upper  part,  the  digastric  and  stylo-hyoid  muscles  :  it  is  pierced 
by  the  spinal  accessory  nerve. 

The  sterno-cleido-mastoid  is  occasionally  described  as  two  muscles,  under  the  names 
sterno-mastoid  and  cleido-mastoid.  Normally,  the  fibres  of  the  clavicular  part  run 
upwards  for  some  distance  internally  to  those  of  the  sternal  part  before  finally 
blending  with  them.  The  muscle  varies  much  in  breadth  at  the  lower  end,  the 
variation  being  due  altogether  to  the  clavicular  part,  which  is  sometimes  as 
narrow  as  the  sternal  tendon,  while  in  other  instances  it  extends  for  three 
inches  along  the  clavicle.  This  part  of  the  muscle  may  likewise,  when  broader  than 
usual,  be  divided  into  several  slips  separated  by  intervals  near  the  clavicle.  A  band 
of  muscular  fibres  has,  in  a  few  instances,  been  found  reaching  from  Ihe  trapezius  to 
this  muscle  over  the  subclavian  artery ;  and  the  margins  of  the  two  muscles  have 
been  observed  in  contact.  In  animals  without  a  clavicle  the  cleido-mastoid  muscle  is 
continued  into  the  clavicular  part  of  the  great  pectoral  muscle,  thus  forming  a 
mastoido-humeral  muscle. 

The  scalenus  anticus  muscle  is  attached  superiorly  to  the  anterior 
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tubercles  of  the  transverse  processes  of  the  third,  fourth,  fifth,  and  sixth 
cervical  vertebr^,  and  inferiorly  by  a  thick  flattened  tendo^  to  a  rough  p^^^^^ 
of  the  inner  border  and  upper  surface  of  the  first  rib.  ^  ^ 


Fig.  167. 


Fig.  167. — Superficial  and  deep  vibw  op  the  Muscles  op  the  Head  and  Neck,  from 

BEFORE.  ^ 

The  explanation  of  the  references  to  the  cranium  and  face  will  be  found  at  page  172  : 
c,  body  of  the  hyoid  bone  ;  e,  subclavian  groove  of  the  first  rib,  above  which  the  cut  end 
of  the  subclavian  artery  is  shown  ;  /,  glenoid  head  of  the  scapula  ;  15,  sterno-mastoid 
muscle,  its  clavicular  portion;  16,  sterno-hyoid  ;  17,  posterior,  and  17',  anterior  belly 
of  the  omo-byoid  ;  17",  portion  of  the  deep  fascia,  which  forms  a  loop  holding  down  the 
muscle  by  its  central  tendon  ;  18,  on  the  sternum  at  the  interclavicular  notch,  points  by 
lines  upwards  to  the  lower  part  of  the  sterno-thyroid  muscles ;  19,  thyro-hyoid ;  20, 
part  of  the  constrictors  of  the  pharynx  ;  22,  clavicular  part  of  the  trapezius ;  25,  levator 
scapulae  ;  26,  scalenus  posticus  ;  27,  scalenus  medius ;  28,  scalenus  anticus ;  29, 
clavicular,  and  29',  pectoral  portion  of  the  peotoralis  major  ;  30,  pectoralis  minor. 
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Tlii3  muscle  is  placed  deeply  :  in  its  lower  part  it  is  crossed  by  the  posterior  belly 
of  the  omo-hyoid  miiscle,  aud  in  its  whole  length  it  is  traversed  by  the  phrenic  nerve 
passing  obliquely  from  above  downwards  and  inwards.  The  subclavian  vein  and 
artery  pass  respectively  in  front  and  behind  its  inferior  attachment.  The  nerves 
of  the  brachial  plexus  emerge  from  behind  its  outer  border  above  the  subclavian 
artery.  The  rectus  capitis  anticus  major  arises  on  its  inner  side,  the  ascending 
cervical  branch  of  the  inferior  thyroid  artery  lies  in  the  groove  between  that  muscle 
and  the  scalenus,  and  in  front  is  the  internal  jugular  vein. 

The  scalenus  medius  is  attached  superiorly  to  the  posterior  tubercles  of 
the  transverse  processes  of  the  last  six  cervical  vertebrae  ;  and  inferiorly 
to  a  rough,  elevation  on  the  first  rib,  extending  for  an  inch  and  a  half 
forwards  from  the  tubercle. 

In  front  of  this  muscle,  between  it  and  the  anterior  scalenus,  are  the  cervical  nerves 
and  the  subclavian  artery ;  behind  it  are  the  posterior  scalenus  and  levator  anguli 
scapulce  muscles.  It  is  sometimes  attached  to  the  transverse  process  of  the 
atlas. 

The  scalenus  posticus,  smaller  than  the  other  scaleni  muscles,  is  attached 
above  by  two  or  three  small  tendons  to  the  transverse  proceBses  of 
as  many  of  the  lowest  cervical  vertebrae,  and  inferiorly  by  an  aponeu- 
rotic tendon  to  the  second  rib,  in  front  of  the  attachment  of  the 
levator  costse. 


Fig.  168. — View  of  the  Deep 
Muscles  connected  with 
the  upper  part  op  the 
Vertebral  Column  in 
front.  J 

The  skull  has  been  removed 
in  front  of  the   basilar  and 
mastoid    processes,  together 
with  the  sternum  and  anterior 
parts  of  the  first  and  second 
ribs,     a,  cut  surface  of  the 
basilar  process  ;  b,  transverse 
process  of  the  atlas  ;  c,  trans- 
verse process  of  the  seventh 
cervical  vertebra ;  d,  body  of 
the  first,  d',  of  the  fourth  dor- 
sal vertebra ;  e,  first,  and  e', 
second  rib ;   1,  rectus  capitis 
anticus  major  muscle  ;  2,  rec- 
tus capitis  anticus  minor  ;  3, 
middle  part,  3',  upper  part,  and 
3",  lower  part  of  the  longus  colli ; 
4,  rectus  lateralis ;   4',  first 
pair,  and  4",  second  pair  of 
intertransversales ;  5,  scalenus 
anticus  of  the  right  side  ;  6', 
the  tendon  of  attachment  to 
the  first  rib  on  the  left  side, 
the  rest  of  the  muscle  having 
been    removed ;    6,  scalenus 
medius  of  the  right  side ;  6', 
lower  portion  of  the  correspond- 
ing muscle  of  the  left  side ;  7, 
scalenus  posticus,  its  superior 


Fig.  168. 


attachments  shown  upon  the  left  side  ;  8,  upper  part  of  the  levator  scapulae  drawn  out 
from  Its  vertebral  attachments  ;  9,  splenius  colli,  shown  in  the  same  manner. 
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The  scalem  muscles  are  subject  to  some  amount  of  variation,  both  in  the  number  of 
their  points  of  attachment,  and  in  the  arrangement  of  their  fibres.  A  slip  from  the 
scalenus  anticus  sometimes  passes  behind  the  subclavian  artery. 

The  rectus  capitis  anticus  major  arises  from  the  tubercles  of  the  trans- 
verse processes  of  the  thu-d,  fourth,  fifth,  and  sixth  vertebra}  by  tendinous 
slips,  its  origin  corresponding  in  extent  to  the  superior  attachment  of  the 
anterior  scalenus  muscle  :  it  is  inserted  into  the  basilar  process  of  the 
occipital  bone,  a  little  in  front  of  the  foramen  magnum.  The  muscles  of 
opposite  sides  converge  as  they  ascend,  and  their  mesial  fibres  are  longest. 

The  anterior  surface  of  the  rectus  capitis  anticus  major  supports  the  pharynx, 
the  sympathetic  and  vagus  nerves,  and  the  great  cervical  vessels.  The  posterior 
surface  rests  upon  part  of  the  longus  colli  and  the  rectus  anticus  minor. 

The  rectus  capitis  anticus  minor,  under  cover  of  the  preceding,  arises 
from  the  anterior  arch  of  the  atlas,  and  slightly  from  the  root  of  its 
transverse  process  ;  it  is  inserted  into  the  basilar  process,  between  the 
margin  of  the  foramen  magnum  and  the  preceding  muscle,  half  an  inch  from 
its  fellow. 

The  rectus  capitis  lateralis  is  a  short  thick  muscle  arising  from  the  upper 
sui-face  of  the  anterior  division  of  the  transverse  process  of  the  atlas,  and 
inserted  into  the  rough  surface  beneath  the  jugular  eminence  of  the  occi- 
pital bone.    It  completes  the  series  of  intertransversales  muscles. 

The  anterior  surface  of  this  muscle  is  in  contact  with  the  internal  jugular  vein,  the 
posterior  with  the  vertebral  artery. 

The  longus  colli  muscle  rests  on  the  front  of  the  vertebral  column  from 
the  atlas  to  the  third  dorsal  vertebra  :  it  consists  of  three  sets  of  fibres,  of 
which  two  are  oblique,  and  one  vertical,  a.  The  superior  oblique  portion 
arises,  by  a  narrow  tendinous  process,  from  the  anterior  tubercle  of  the 
body  of  the  atlas,  and  is  inserted  into  the  fore  part  of  the  transverse 
processes  of  the  third,  fourth,  and  fifth  cervical  vertebrae,  b.  The  inferior 
oblique,  the  smallest  part  of  the  muscle,  extends  obliquely  inwards  from 
the  transverse  processes  of  the  fifth  and  sixth  cervical  to  the  bodies  of  the 
first  two  or  three  dorsal  vertebras,  c.  The  vertical  part,  connected  by  its 
extremities  with  the  other  divisions,  is  attached  superiorly  to  the  bodies  of 
the  second,  third,  and  fourth  cervical  vertebrae,  and  inferiorly  to  the  bodies 
of  the  three  lower  cervical  and  two  or  three  upper  dorsal  vertebrae. 

Actions. — The  sterno-cleido-mastoid  muscles,  and  in  a  less  degree  the  scaleni 
muscles,  bend  forwards  the  head  and  neck  towards  the  sternum.  The  sterno-mastoid 
muscles,  when  acting  in  concert  with  the  extensor  muscles  of  the  head,  assist  in  the 
extension,  and  project  the  chin.  When  the  sterno-mastoid  muscle  of  one  side  only 
is  in  action,  the  head,  while  it  is  slightly  flexed,  is  inclined  laterally  to  the  side  on 
which  the  muscle  contracts,  and  rotation  is  produced,  by  which  the  face,  and  especially 
the  chin,  is  directed  towards  the  opposite  side.  This  is  the  position  which  occurs  in 
wry-neck,  depending  upon  an  unequal  action  of  the  opposite  sterno-mastoid  muscles. 

The  scalene  muscles,  when  the  vertebral  column  is  fixed,  act  as  elevators  of  the  ribs, 
and  by  many  are  considered  as  constant  aids  in  the  movement  of  inspiration.  It 
seems  certain  that  when  the  head  is  fixed  the  sterno-mastoid  muscles  also  assist  in 
forcible  inspiration  by  the  elevation  of  the  sternum  and  clavicles. 

FASCIA  OF  THE  HEAD  AND  NECK. 

The  SUPERFICIAL  FASCIA  is  little  developed  on  the  head  and  neck,  and  is 
in  great  measure  blended  with  structures  described  under  other  names.  A 
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layer  of  considerable  firmness  intervenes  between  the  aponeurosis  of  tbe 
occipito-frontalis  muscle  and  the  skin,  uniting  them  together  :  from  the 
surface  of  the  occipital  part  of  the  muscle  it  becomes  continuous  with  a 
superficial  covering  of  the  posterior  muscles  of  the  neck,  and  on  either  side 
of  the  epicranial  aponeurosis  it  descends  over  the  temporal  fascia,  and  contains 
between  its  laminte  the  external  muscles  of  the  ear,  with  the  superficial 
temporal  vessels  and  nerves. 

In  the  face,  the  fibres  of  the  superficial  muscles  are  frequently  so  much 
incorporated  with  the  skin,  that  in  many  parts  there  is  no  distinct  intervening 
layer  of  superficial  fascia ;  and  over  most  of  the  face  the  subcutaneous  fat 
breaks  up  the  fascia  to  a  great  extent.  On  the  side  of  the  neck,  where  a 
representative  of  the  superficial  fascia  is  found  in  the  tissue  containing  the 
platysma  myoides  muscle,  it  is  thin,  and  has  embedded  in  it  the  external 
jugiilar  vein  and  some  superficial  nerves. 

The  DEEP  FASCiiE  of  the  head  and  neck  deserve  special  attention,  as  they 
give  iavestments  of  considerable  strength,  and  serve  to  mark  the  separation, 
between  several  important  organs. 

The  temporal  fascia  is  a  structure  of  an  aponeurotic  nature,  which  covers 
the  temporal  muscle  above  the  zygoma,  and  gives  extensive  attachment  to 
its  fibres  of  origin.  It  springs  inferiorly  from  the  upper  border  of  the 
zygomatic  arch,  and  is  attached  in  the  rest  of  its  circumference  to  the 
posterior  border  of  the  malar  bone  and  to  the  temporal  ridge  on  the 
frontal,  parietal,  and  temporal  bones.  It  is  divided  below  into  two  layers, 
one  of  which  is  attached  to  the  outer  and  the  other  to  the  inner  surface  of 
the  zygoma ;  and  in  this  situation  there  is  deposited  between  its  layers  a 
quantity  of  fat,  the  absorption  of  which  is  one  cause  of  the  hollowness  of 
the  temples  in  emaciated  persons.  This  dense  fascia  is  separated  from  the 
integuments  by  the  layer  of  thin  membrane  descending  from  the  epicranial 
aponeurosis,  and  by  the  auricular  muscles  ;  and  from  the  temporal  muscle 
below,  by  a  deeper  layer  of  fat. 

The  cervical  fascia  (named  also  proper  or  deep  cervical)  passes  forwards 
from  the  anterior  border  of  the  trapezius  muscle  over  the  sides  and  front 
of  the  neck  beneath  the  platysma  myoides.  Posteriorly  it  is  continuous  with 
the  layers  of  connective  tissue  with  which  the  trapezius  and  deeper  muscles 
are  invested  ;  it  extends  over  the  posterior  triangle  of  the  neck,  viz.,  the 
space  bounded  by  the  trapezius  and  stemo-mastoid  muscles  and  the  clavicle  : 
at  the  posterior  border  of  the  stemo-mastoid  it  divides  into  two  layers, 
which  form  an  investment  for  that  muscle  ;  these  unite  again  at  the  anterior 
border  into  a  membrane  which  passes  forwards  across  the  middle  line,  and 
covers  the  area  bounded  by  the  middle  line,  the  border  of  the  jaw,  and  the 
stemo-mastoid  muscle,  and  called  the  anterior  triangle.  In  the  posterior 
triangle  the  fascia  is  attached  inferiorly  to  the  clavicle,  and  near  that  bone 
is  perforated  by  the  external  jugular  vein,  which  in  the  previous  part  of 
its  course  lies  superficial  to  the  membrane.  In  the  anterior  triangle 
it  is  bound  superiorly  to  the  border  of  the  jaw  in  front,  and  further  back  is 
continued  over  the  masseter  muscle  {masseteric  fascia),  and  the  parotid  gland, 
which  it  closely  invests  {parotid  fascia)  ;  it  likewise  sends  upwards  a  pro- 
cess on  the  posterior  and  deep  surfaces  of  the  parotid  gland  ;  and  a  strong 
band  of  this  process,  known  under  the  name  of  the  stylo-maxillary  ligament, 
extends  from  the  styloid  process  to  the  angle  of  the  jaw,  so  as  to  keep  the 
parotid  and  submaxillary  glands  distinct,  even  although  one  or  both  of  them 
may  be  greatly  enlarged. 

In  the  front  of  the  neck  the  fascia  is  attached  to  the  hyoid  bone,  and,  becom- 
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ing  stronger  as  it  descends,  it  spUts,  a  little  below  the  level  of  the  thyroid 
body  into  two  distinct  layers.  Of  these  the  more  superficial  and  weaker 
guided  by  the  sterno-mastoid  muscles,  is  fixed  to  the  sternum  and  the 
interclavicular  ligament ;  whilst  the  stronger  layer,  lying  imder  the  former 
and  closely  covering  the  sterno-hyoid  and  sterno-thyroid  muscles,  is 
attached  to  the  deeper  surface  of  that  bone.  These  layers  materially 
assist  in  closing  the  cavity  of  the  chest,  above  the  sternum  :  between  them 
there  exists  a  quantity  of  loose  connective  tissue  and  fat,  and  sometimes 
a  small  lymphatic  gland. 

Continuous  with  the  deeper  of  those  two  layers,  a  deep  layer  is  found 
likewise  in  the  posterior  triangle,  investing  the  posterior  belly  of  the  omo- 
hyoid muscle,  and  binding  it  down  to  the  clavicle  and  first  rib.  Still  deeper 
than  the  processes  now  described  is  a  layer  which  lies  behind  the  depressor 
muscles  of  the  larynx,  investing  the  thyroid  body,  and  extending  thence  on 
the  trachea  and  large  vessels  at  the  root  of  the  neck  down  to  the  fibrous 
layer  of  the  pericardium. 

Continuous  with  the  deep  processes  of  the  cervical  fascia  is  the  common 
sheath  of  the  large  cervical  bloodvessels,  an  envelope  of  fascia  enclosing  the 
carotid  artery  and  jugular  vein  with  the  pneumogastric  nerve.  A  thin 
fibrous  septum  intervenes  between  the  artery  and  vein,  thus  completing  a 
separate  sheath  for  each. 

The  layer  of  fascia  descending  on  the  prevertebral  muscles,  and  inter- 
vening between  them  and  the  pharynx  and  oesophagus,  is  called  the  pre- 
vertebral fascia. 


MUSCLES  OF  THE  UPPER  LIMB. 

Between  different  parts  of  the  head  and  trimk  on  the  one  hand,  and  the 
shoulder  and  humerus  on  the  other,  certain  muscles  pass  which  attach  the 
upper  limb  to  the  body,  and  which,  though  situated  mainly  on  the  trunk, 
and  often  described  along  with  its  muscles,  have  so  intimate  a  connection, 
both  in  their  structure  and  uses,  with  the  limb,  that  they  may  with  greater 
propriety  be  treated  of  along  with  the  muscles  of  that  part.  The  muscles 
referred  to  are,  posteriorly,  the  trapezius,  latissimus  dorsi,  levator  anguli 
scapulae,  and  the  rhomboidei  ;  and,  anteriorly,  the  two  pectoral  muscles,  the 
subclavius,  and  the  serratus  magnus.  Along  with  these  might  also  be 
mentioned  the  clavicular  part  of  the  stemo-cleido-mastoid  muscle  and  the  omo- 
hyoid ;  but  as  these  last  have  important  relations  with  parts  situated  in  the 
neck,  they  are  more  conveniently  described  among  the  muscles  of  that  region. 

Fig.  169.  SlTPKRFIOIAL  MUSOLKS  OP  THE  TrUNK,    ShOULDER  AND  HiP,    VIEWED  PROM 

BEHIND.  I 

a,  external  occipital  protuberance  ;  6,  acromion  of  the  scapula ;  c,  crest  of  the  ilium ; 
1,  trapezius  ;  1',  oval  tendon  of  the  two  muscles  in  the  upper  dorsal  and  lower  cervical 
region  ;  1",  triangular  tendon  of  insertion  ;  2,  latissimus  dorsi ;  2',  2',  its  costal  origins 
and  its  direct  origin  from  the  crest  of  the  ilium  ;  1,  2',  c,  the_  superficial  layer  of  the 
lumbar  aponeurosis  ;  3,  sterno-mastoid  ;  4,  deltoid  ;  5,  infraspinatus ;  6,  teres  minor ; 
7,  teres  major  ;  8,  rhomboideus  major ;  below  this  on  the  left  side  is  seen  a  triangular 
space  bounded  by  the  rhomboid,  trapezius,  and  latissimus  dorsi  muscles,  in  which,  when 
the  arm  is  depressed,  as  on  the  right  side,  a  part  of  the  seventh  rib  is  usually  felt ;  on  the 
left  side,  the  arm  and  shoulder  being  elevated,  the  space  is  enlarged  so  as  to  show  a  part 
of  the  sixth  and  seventh  ribs ;  9,  back  part  of  the  external  oblique  muscle  of  the 
abdomen  ;  between  9  and  2',  a  small  part  of  the  internal  oblique  ;  10,  part  of  the  gluteus 
medius  covered  by  the  fascia  lata  ;  11,  gluteus  maximus  ;  12,  gracilis;  13,  small  part  of 
the  adductor  magnus ;  14,  semitendinosus  ;  16,  biceps  ;  16,  fascia  lata  covermg  the 
vastus  externus. 
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MUSCLES  ATTACHING  THE  UPPER  LIMB  TO  THE  TEUNK  POSTERIOKLT. 

The  trapezkis  muscle  (cucullaris)  arises  by  a  thin  aponeurosis  from  the 
protuberance  of  the  occipital  bone,  and  the  inner  third  of  its  superior 
curved  Ime,  from  the  ligamentum  nuch^e,  and  from  the  spines  of  the  last 
cervical  and  all  the  dorsal  vertebrae,  as  well  as  from  the  supraspinous 
ligaments.  From  this  extended  line  of  origin  the  fibres  converge  to  their 
insertion  :  the  superior  fibres,  descending  and  turning  forwards  in  the  neck, 
are  inserted  into  the  external  third  of  the  clavicle  at  its  posterior  border  ; 
the  succeeding  fibres  pass  transversely  to  the  inner  border  of  the  acromion 
process  and  upper  border  of  the  spine  of  the  scapula,  while  the  inferior 
fibres  ascending  terminate  in  a  flat  tendon  which  glides  over  the  triangular 
area  at  the  base  of  the  spine  of  the  scapula,  and  is  inserted  into  the  rough 
mark  at  the  root  of  the  spine.  The  greater  part  of  the  origin  becomes 
immediately  muscular,  but  opposite  the  seventh  cervical  spine,  and  for  the 
distance  of  several  vertebrae  above  and  below  that  point,  a  flat  tendon 
extends  outwards,  widest  at  the  middle  of  the  space,  and  narrowing  towards 
the  upper  and  lower  ends,  so  that  the  aponeuroses  of  the  two  muscles  taken 
together  have  an  elliptical  form.  The  fibres  of  origin  from  the  occipital 
bone  have  no  tendinous  lustre,  and  resemble  rather  a  strong  fascia.  *  The 
muscles  of  the  two  sides,  regarded  together,  have  the  form  of  a  four-sided 
figure,  or  shawl,  pointing  downwards  :  hence  the  names  which  have  been 
given  to  it. 

The  trapezius  is  superficial  in  its  whole  extent :  it  covers  the  splenius,  the  greater 
part  of  the  complexus  above  the  splenius,  the  levator  anguli  scapulae,  the  rhomboidei, 
the  supraspinatus,  and  small  portions  of  the  infraspinatus,  latissimus  dorsi,  and 
lumbar  aponeurosis.  The  spinal  accessory  nerve,  and  the  Buperficial  cervical  artery, 
pass  into  it  from  its  deep  surface. 

The  trapezius  is  not  unfrequently  shorter  than  above  described,  and  the  number  of 
dorsal  vertebrce  with  which  it  is  connected  is  sometimes  diminished  even  to  six  or 
seven. 

The  latissimus  dorsi  arises  by  tendinous  fibres  from  the  spinous  processes 
of  the  six  or  seven  lowest  dorsal  vertebrae,  and  from  the  posterior  layer  of 
the  lumbar  aponeurosis,  through  the  medium  of  which  it  is  attached  to 
the  lumbar  and  upper  sacral  spines  and  back  part  of  the  Uiac  crest  ;  it  also 
arises  by  fleshy  fibres  for  an  inch  or  more  from  the  iliac  crest  in  front  of  the 
outer  margin  of  the  lumbar  aponeurosis,  and  from  the  last  three  or  four 
ribs  by  fleshy  slips  which  interdigitate  with  the  attachments  of  the  external 
oblique  muscle.  The  flbres  at  the  upper  part  are  the  shortest,  and  pass 
almost  horizontally  outwards  over  the  lower  angle  of  the  scapula,  from  which 
they  frequently  receive  a  fasciculus  of  fleshy  fibres  ;  those  lower  down 
become  longer  and  incline  from  below  upwards,  gradually  increasing  in  the 
degree  of  their  obliquity  ;  finally,  those  which  are  attached  to  the  ribs 
ascend  almost  vertically.  By  this  convergence  the  fibres  of  the  muscle 
come  to  form  a  narrow  band  of  some  thickness,  which,  accompanying  the 
teres  major  towards  the  axilla,  winds  round  the  lower  and  outer  border  of 
that  muscle  so  as  finally  to  be  placed  in  front  of  it.  At  this  place  it 
terminates  in  a  flat  tendon  of  about  two  inches  in  length,  which  generally 
becomes  adherent  to  that  of  the  teres  major,  but  is  again  detached  from  it 
at  the  insertion.  The  tendon  is  inserted  in  the  floor  of  the  bicipital  groove 
of  the  humerus,  a  little  higher  than  the  insertion  of  the  teres  major.  From 
this  twisting  of  the  muscle  upon  itself  the  anterior  surface  of  the  tendon 
is  continuous  with  the  posterior  surface  of  the  rest  of  the  muscle. 


LATISSIMUS  DORSI. 
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Fig.  170.— Superficial  View  op 
THE  Muscles  op  tue  Trunk, 
Shoulder  and  Hip  (after  Bour- 
gery).  i 

0,  occipital  protuberance ;  C, 
transverse  process  of  the  atlas  ;  D, 
first  dorsal  vertebra  ;  L,  first  lum- 
bar vertebra  ;  S,  upper  piece  of  the 
sacrum ;  Co,  first  piece  of  the 
coccyx ;  a,  acromion ;  h,  base  of 
the  scapula ;  i,  crest  of  the  ilium  ; 

1,  upper  and  back  part  of  the  sterno- 
mastoid  muscle,  spreading  from  the 
mastoid  process  to  the  superior 
curved  line  of  the  occipital  bone  ; 

2,  splenius,  levator  anguli  scapulse, 
and  other  deep  muscles  ;  3,  3',  upper 
and  lower  ends  of  the  trapezius 
muscle ;  3',  triangular  tendon  at- 
tached to  the  base  of  the  spine  of 
the  scapula ;  -1- ,  half  of  the  oval 
tendon  belonging  to  the  two  trape- 
zius muscles  in  the  lower  cer- 
vical and  upper  dorsal  region ; 
4,  4,  latissimus  dorsi ;  4',  4" 
line  along  which  the  latissimus 
dorsi  takes  origin  from  the  lumbar 
fascia  ;  5,  infraspinatus  ;  6,  teres 
minor;  7,  teres  major;  8,  middle 
or  acromial  part  of  the  deltoid  ; 
9,  hinder  part  of  the  external 
oblique  muscle  of  the  abdomen;  10, 
gluteus  medius,  covered  by  the 
aponeurosis  of  the  fascia  lata  ;  11, 
11,  line  of  origin  of  the  gluteus 
maximus  from  the  posterior  part  of 
the  ilium  to  the  coccyx ;  1 1'  its  inser- 
tion into  the  fascia  lata  over  the 
trochanter  major ;  11",  a  part  of  its 
insertion  into  the  femur ;  12, 
biceps  ;  13,  semitendinosus ;  14, 
adductor  magnus  ;  15,  gracilis. 

The  latissimus  dorsi  is  super- 
ficial, except  at  its  origin  from  the 
dorsal  vertebrae,  where  it  is  covered 
by  the  trapezius,  and  at  its  inser- 
tion, where  it  dips  into  the  axilla. 
It  rests  on  part  of  the  rhomboideus 
major  and  infraspinatus,  on  the 
teres  major,  serratus  posticus  in- 
ferior, vertebral  aponeurosis,  ex- 
ternal intercostal  muscles,  and  the 
posterior  borders  of  the  external 
and  internal  oblique  muscles. 

Between  the  adjacent  borders  of 
the  latissimus  dorsi,  trapezius,  and 
rhomboideus  major,  there  is  left, 
when  the  scapula  is  drawn  for- 
ward, a  triangular  area,  in  which 
a  portion  of  one  or  two  ribs  and 
an  intercostal  space  becomes  super- 
ficial ;  this  is  taken  advantage  of 
for  the  purpose  of  auscultation. 


Fig.  170. 
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The 
four  to 


number  of  dorsal  vertebrre  to  which  the  latissimus  dorsi  is  attached  varies  from 
seven  or  eight,  and  the  number  of  the  costal  attachments  is  also  inconstant.  A 

muscular  band  is  sometimes  seen 
Pig-  171.  to  stretch  from  this  muscle  across 

the  axilla  to  its  anterior  part, 
where  it  terminates  variously,  in 
the  tendon  of  the  greater  pectoral, 
in  the  coraco-brachialis  muscle,  or 
in  the  fascia. 


Fig.  171. — Deeper  View  op  the 

M0SOLES        OP       THE  TrUNK, 

Shoulder  akd  Hip  (after  Bour- 
gery).  i 

The  trapezius,  latissimus  dorsi, 
deltoid,  gluteus  maximus  and  ex- 
ternal oblique  muscles  have  been 
removed.  The  bones  are  lettered 
as  in  the  preceding  figure. 

1,  splenius  capitis  and  splenius 
colli ;  1',  its  lower  end  ;  2,  upper 
part  of  the  complexus  near  its  in- 
sertion ;  3,  levator  anguli  scapulse  ; 
4,  rhomboideus  minor  ;  above  it  + , 
a  part  of  the  serratus  posticus  supe- 
rior ;  5,  rhomboideus  major ;  6, 
part  of  the  longissimus  dorsi ;  6', 
part  of  the  tendons  of  insertion  of  the 
sacro-lumbalis ;  7,  part  of  the  spi- 
nalis dorsi ;  8,  upper,  and  8',  lower 
part  of  the  serratus  posticus  infe- 
rior ;  9,  obliquus  abdominis  inter- 
nus  ;  10,  supraspinatus ;  11,  infra- 
spinatus ;  12,  placed  upon  the  long 
head  of  the  triceps,  points  to  the 
teres  minor;  13,  teres  major;  14, 
serratus  magnus;  15,  gluteus 
medius;  16,  pyriformis;  17,  portion 
of  the  obturator  internus  ;  +  and  + , 
superior  and  inferior  gemelli ;  17', 
the  pelvic  portion  of  obturator  in- 
ternus ;  18,  the  tendon  of  the  obtu- 
rator externus  passing  to  its  inser- 
tion ;  19,  quadratns  femoris ;  20, 
upper  part  of  the  adductor  magnus. 

The  rhomboidei  muscles  are 
placed  parallel  to  one  another, 
and  are  separated  only  by  a 
slight  interval.  They  are  ex- 
tended obliquely  from  the 
spinous  processes  of  the  lower 
cervical  and  upper  dorsal  ver- 
tebrsB  to  the  base  of  the 
scapula. 

The  rhomboideus  mmor,  a 
comparatively  narrow  muscle, 
arises  from  the  spinous  pro- 
cesses of  the  seventh  cervical 
and  first  dorsal  vertebrae  and  from  the  ligamentum  nuchoe.    It  inclines 


PECTOKALIS  MAJOR. 
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downwards  .and  outwards,  and  is  inserted  into  the  base  of  the  scapula 
opposite  the  triangular  sui-face  at  the  commencement  of  the  spine. 

The  rhomboidctis  major,  three  or  four  times  broader  than  the  pre- 
ceding muscle,  arises  from  the  spinous  processes  of  the  four  or  five 
upper  dorsal  vertebraj,  and  their  interspinous  ligaments,  and  is  inserted 
into  that  part  of  the  base  of  the  scapula  "Vhich  is  included  between 
the  spine  and  inferior  angle.  Some  of  the  fibres,  instead  of  being  fixed 
to  the  bone,  end  in  a  tendon  which  is  connected  to  the  scapula  above 
the  lower  angle;  and,  in  consequence  of  this  arrangement,  the  muscle 
may,  in  pai-t,  be  separated  from  the  bone  without  division  of  its  muscular 
or  tendinous  fibres. 

The  greater  part  of  the  rhomboidei  muscles  is  covered  by  the  trapezius,  a  small 
angular  portion  of  the  rhomboideus  major  only  lying  superficially  in  the  interval 
between  the  trapezius  and  latissimus  dorsi ;  the  extent  of  this  portion  varies  with  the 
position  of  the  scapula,  being  increased  when  the  arm  and  shoulder  are  raised  from 
the  side.  The  rhomboidei  cover  the  greater  part  of  the  serratus  posticus  superior, 
and  the  posterior  scapular  artery  descends  on  their  deep  surface. 

The  levator  anguli  scapulae  arises  by  slightly  tendinous  slips  from  the 
posterior  tubercles  of  the  transverse  processes  of  the  first  three  or  four 
cervical  vertebras,  between  the  splenius  and  scaleni  muscles,  and  forms  an 
elongated  fleshy  mass  which  is  inserted  into  the  portion  of  the  base  of 
the  scapula  intervening  between  the  spine  and  superior  angle. 

The  number  of  vertebral  attachments  of  the  levator  anguli  scapulae  is  subject  to 
some  variation.  A  slip  has  been  observed  to  extend  to  it  from  the  mastoid  process  of 
the  temporal  bone  (Theile),  and  from  the  second  rib  (Meckel).  It  often  appears  as  a 
divided  muscle,  the  parts  connected  with  the  several  vertebrce  remaining  separate, 
even  to  the  place  of  insertion.  In  quadrupeds  it  is  united  with  the  serratus  magnus, 
so  as  to  form  a  single  muscle. 


MUSCLES  ATTACHING  THE  UPPER  LIMB  TO  THE  TRUNK  ANTERIORLY. 

The  pectoralis  major  muscle  arises  from  the  sternal  half,  or  a  little  more, 
of  the  clavicle  ;  from  the  anterior  surface  of  the  sternum,  extending  as  far 
down  as  the  insertion  of  the  cartilage  of  the  sixth  rib  ;  from  the  cartilages 
of  the  first  six  ribs,  and  also  the  bony  part  of  the  sixth  rib  ;  and  from  the 
aponeurosis  of  the  external  oblique  muscle  of  the  abdomen.  Springing 
from  this  extensive  origin  its  fibres  form  a  thick  mass,  and,  converginj  to 
some  extent,  are  inserted  by  a  tendon  of  considerable  breadth  into  the  ridge 
which  forms  the  outer  margin  of  the  bicipital  groove  of  the  humerus,  and 
thence  downwards  as  far  as  the  deltoid  impression.  The  muscular  fasciculi 
converge  towards  the  axilla,  and  the  muscle  with  its  tendon  is  folded  at 
the  axillary  border,  so  that  the  clavicular  part  remains  in  front,  while  the 
pectoral  part  passes  behind.  The  arrangement  is  such  that  at  last  the 
folded  tendon  of  the  muscle  is  inserted  into  the  himierus  in  two  neariy 
parallel  lines  which  are  connected  below.  The  fibres  of  the  clavicular  part 
in  the  order  of  their  origin  from  without  inwards,  are  prolonged  into  the 
anterior  or  outer  Ime  of  insertion  in  order  from  above  downwards  The 
pectoral  pari;  of  the  muscle  is  inserted  into  the  inner  or  posterior  line  • 
the  fibres  which  have  the  highest  origin  being  the  lowest  at  thei^ 
insertion,  and  those  which  arise  lower  in  succession  from  the  chest 
passing  higher  and  higher  to  their  insertion  on  the  humerus  Further 
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PECTORALIS  MAJOR. 
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hyoid-  3,  upper,  3',  lower  belly  of  the  omo-hyoid;  4,  levator  anguli  scapulas ;  4',  4',  scalene 
muscles;  5,  anterior  part  of  the  trapezius  ;  b,  deltoid;  7,  upper  part  of  the  triceps  brachii 
in  the  left  arm  ;  8,  teres  minor  ;  9,  teres  major  ;  10,  latissimus  dorsi ;  11,  pectoralis 
major  ;  11',  on  the  right  side  its  clavicular  portion  ;  12,  part  of  the  pectoralis  minor  ;  13, 
Berratus  raagnus  ;  14,  external  oblique  muscle  of  the  abdomen;  15,  placed  on  the 
xiphoid  cartilage  at  the  upper  end  of  the  linea  alba  ;  15',  is  placed  on  the  umbilicus  ;  16, 
is  placed  over  the  symphysis  pubis,  and  at  the  lower  end  of  the  linea  alba,  above  16,  the 
pyramidal  muscles  are  seen  shining  through  the  abdominal  aponeurosis;  15  to  17,  the 
linea  semilunaris  at  the  outside  of  the  rectus  muscle,  the  transverse  tendinous  lines  of 
which  are  seen  through  the  abdominal  aponeurosis  ;  18,  part  of  the  gluteus  medius  ;  19, 
tensor  vaginre  femoris  ;  20,  rectus  femoris  ;  21,  sartorius  ;  22,  femoral  part  of  the  iliacus 
and  psoas;  23,  peclineus  ;  24,  adductor  longus ;  25,  gracilis.  On  either  side  of  16,  the 
external  adominal  ring  is  indicated. 

it  is  to  be  observed  that  the  tendon  of  insertion  of  the  pectoral  part 
of  the  muscle  passes  higher  than  that  of  the  clavicular  part,  extending  as 
far  as  the  base  of  the  great  tuberosity,  where  it  sends  a  thin  prolongation 
across  the  bicipital  groove,  and  an  offset  to  the  head  of  the  humerus.  The 
lowest  inserted  portion  of  the  muscle  is  closely  united  with  the  insertion  of 
the  deltoid.  From  its  inferior  margin  an  offset  is  prolonged  to  the  fascia 
of  the  arm. 

The  folded  inferior  border  of  the  pectoralis  major  forms  the  anterior  margin  of  the 
axilla ;  the  superior  runs  parallel  with  that  of  the  deltoid  muscle,  from  which  it  is  sepa- 
rated only  by  a  slight  interval  which  becomes  wider  towards  the  clavicle,  and  in  which 


Fig.  173. — View  o?  some  ob" 

THE    DEEPER    MuSOLBS  OP 

THE  Shoulder  and  Trunk, 

PROM  BEFORE.  ^ 

On  the  right  side  the  pec- 
toralis major  and  external 
oblique  muscles  have  been  re- 
moved, a,  coracoid  process  of 
scapula ;  6,  manubrium  of 
sternum  ;  c,  c,  cartilage  of 
the  fifth  ribs ;  d,  ensiform 
portion  of  the  sternum ;  1, 
upper  part  of  the.  levator 
scapuljB  muscle ;  2,  on  the 
middle  of  the  clavicle,  points 
to  the  subclavius  muscle  ;  3, 
pectoralis  minor ;  4,  subscapu- 
laris  ;  4',  its  insertion  into  the 
lesser  tuberosity  of  the  hume- 
rus ;  5,  coraco-brachialis ;  6, 
coracoid,  and  6',  glenoid  head 
of  the  biceps  brachii,  both  cut 
short  near  the  place  where  they 
nnite  into  one  muscle  ;  7,  on 
the  tendon  of  the  latissimus 
dorsi,  points  by  a  line  to  the  ten- 
don of  the  teres  major,  both  pass- 
ing to  their  insertion  inside  the 
bicipital  groove,  both  cut  short ; 
8,  folded  tendon  of  the  pectoralis 
major,  cutshort ;  9,  inserted  por- 
tion of  the  deltoid  ;  10,  upper 
part  of  the  brachialis  anticus  at 
its  origin,  embracing  the  insertion  of  the  deltoid 
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run  the  cephalic  vein  and  the  humeral  branch  of  the  acromio-thoracic  artery.  The 
anterior  surface  is  subcutaneous  in  the  greater  part  of  its  extent,  being  covered  only 
by  some  of  the  fibres  of  the  platysma  myoides  and  by  the  mamma.  The  posterior 
surface  rests  chiefly  on  the  pectoralis  minor,  and  externally  and  internally  to  that 
muscle  forms  the  anterior  wall  of  the  axilla. 

The  tendinous  fibres  of  origin  of  opposite  sides  sometimes  decussate  in  front  of  the 
sternum,  and  occasionally  the  fleshy  fibres  also  of  opposite  sides  come  into  contact. 
In  some  instances  additional  muscular  slips  take  origin  from  the  aponeurosis  of  the 
external  oblique  muscle,  and  in  others  the  lower  part  of  the  muscle  presents  consider- 
able deficiency. 

The  pectoralis  minor  arises  from  the  upper  margins  and  external  surfaces 
of  three  ribs  near  their  cartilages — usually  the  third,  fourth  and  fifth — and 
from  the  neighbouring  parts  of  the  intercostal  aponeurosis.  Its  fibres 
converge  to  a  narrow  tendon,  which  is  inserted  into  the  anterior  half  of  the 
inner  border  and  upper  surface  of  the  coracoid  process,  in  contact  with  the 
conjoined  origin  of  the  coraco-brachiahs  and  biceps  muscles. 

This  muscle  is  covered  by  the  pectoralis  major,  and  forms  a  part  of  the  anterior 
wall  of  the  axilla.  When  the  arm  is  much  raised  a  portion  of  the  muscle  is  seen 
below  the  outer  margin  of  the  pectorahs  major. 

The  sulclavius  muscle  arises  by  a  short  thick  tendon  from  the  first  costal 
arch  at  the  junction  of  the  rib  and  cartilage,  close  to  the  costo-clavicular 
ligament.    From  this  tendon  its  fibres  pass  outwards  and  upwards,  forming 


Fig.  174. 


Fig.  174. — Lateral  view 
OF  THE  Trunk,  show- 

INa  IN  A  DEEP  DIS- 
SECTION    A     VIEW  OF 

THE  Serratus  Magnus 
Muscle. 

a,  coracoid  process  of 
the  scapula;  b,  glenoid 
cavity  ;  c,  lower  angle  ; 
d,  first  dorsal  vertebra  ;  1, 
VI,  XII,  the  first,  sixth, 
and  twelfth  ribs  ;  1,  upper 
portion  of  tlie  serratus 
magnus  attached  to  the 
first  and  second  ribs ;  2, 
second  or  middle  portion 
attached  chiefly  to  the 
third  rib  ;  3,  lower  or  fan- 
shaped  portion  attached  to 
the  ribs  from  the  fourth 
to  the  ninth ;  4,  external 
intercostal  muscles  marked 
in  the  third  and  ninth 
spaces ;  5,  upper  costal 
origins  of  the  transver- 
salis  abdominis  ;  x  ,  sca- 
pular extremities  of  the 
levator  scapuloo  and  omo- 
hyoid muscles. 


a  rounded  belly,  which  is  inserted  into  the  groove  along  the  inferior  surface 
of  the  clavicle,  extending  as  far  as  the  recess  between  the  conoid  and 
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trapezoid  parts  of  the  coraco-clavicular  Ugament.    It  is  covered  in  front  by 
the  eosto-coracoid  membrane  or  fascia.  j  ,  .     ,  ^ 

The  serratusmagnus  muscle,  placed  upon  the  upper  and  lateral  part  of 
the  thorax,  between  the  ribs  and  the  scapula,  is  attached  anteriorly  by  mne 
fleshy  an-ular  slips  to  the  first  eight  ribs,  two  of  these  being  connected  ynth 
the  second  rib  ;  it  also  derives  some  fibres  from  the  aponeurosis  covermg 
the  upper  intercostal  spaces.  Posteriorly,  the  muscle,  considerably  ^^arrowed, 
is  attached  to  the  line  in  front  of  the  base  of  the  scapula,  and  at  the 
upper  and  lower  angles  of  the  bone  into  the  flat  surfaces  which  axe 
excluded  from  the  fossa  of  the  subscapular  muscle.  The  fibres  are 
arranged  in  three  sets,  thus— a.  Those  from  the  first  and  second  digita- 
tions°form  a  thick  bundle  which  terminates  on  the  flat  area  in  front  of 
the  upper  angle  of  the  scapula  ;  h.  those  of  the  third  and  fourth  digitations, 
but  especially  the  first  of  these,  which  is  the  inferior  digitation  of  the 
second  rib,  spread  out  into  a  triangular  layer,  the  thinnest  part  of  the 
muscle,  and  are  attached  along  the  line  in  front  of  the  base  of  the  scapula, 
extending  from  the  place  of  insertion  of  the  preceding  part  nearly  to  the 
lower  angle  of  the  bone  ;  c.  the  remaining  five  or  six  digitations  converge 
in  the  form  of  a  fan,  and  terminate  in  a  thick  mass,  which  is  attached 
posteriorly  to  the  flat  surface  in  front  of  the  lower  angle  of  the  scapula. 

By  its  deep  surface,  the  sen-atus  magnus  rests  on  the  upper  ribs,  the  intercostal 
muscles,  and  part  of  the  serratus  posticus  superior.  Its  outer  surface  is  in  contact 
posteriorly  with  the  subscapular  muscle,  and  forms  anteriorly  the  internal  wall  of  the 
axilla,  being  subcutaneous  in  the  lower  part  of  its  extent. 

Not  unfrequently  the  number  of  digitations,  and  the  number  of  the  ribs  with 
which  the  muscle  is  connected,  are  greater  than  above  described.  Occasionally  the 
attachment  to  the  first  rib  is  wanting ;  and  examples  are  recorded  of  the  absence  of 
the  middle  part  of  the  muscle. 

Actions. — Considered  with  reference  to  the  movements  of  the  limb  upon  the  trunk, 
the  upper  part  of  the  trapezius,  the  levator  scapulas,  and  the  rhomboid  muscles  are 
elevators  of  the  shoulder ;  the  lower  part  of  the  trapezius,  the  pectoralis  minor  and 
the  subclavius  are  depressors ;  the  serratus  magnus  as  a  whole  carries  forward  the 
base  of  the  scapula,  and  the  rhomboid ei  draw  it  back;  the  latissimus  dorsi  and 
pectoralis  major  depress  the  humerus  and  carry  it  towards  the  middle  line,  behind  or 
in  front,  according  as  the  one  or  other  muscle  is  in  action. 

More  particularly,  the  superior  fibres  of  the  trapezius  elevate  the  clavicle ;  the 
succeeding  fibres  acting  on  the  acromion  have  also  some  elevating  action,  but  tend 
rather  to  carry  back  the  scapula  towards  the  spine  ;  the  inferior  part  of  the  muscle 
acting  upon  the  spine  of  the  scapula  would  of  itself  depress  that  bone  while  it  carried 
it  inwards  towards  the  dorsal  spines,  but  acting  in  concert  with  the  upper  two-thirds 
of  the  muscle,  a  rotation  is  produced  in  the  scapula  round  a  central  point  in  such  a 
manner  that  while  the  whole  bone,  and  more  especially  the  acromion,  is  raised  and 
carried  towards  the  dorsal  spines,  the  upper  angle  of  the  scapula  is  somewhat 
depressed  and  carried  inwards,  while  the  lower  angle  is  carried  outwards  and  elevated. 

The  levator  scapulae,  in  elevating  the  superior  angle  of  the  scapula,  counteracts  in 
some  degree  the  rotating  action  of  the  trapezius,  and  this  is  further  effected  by  the 
rhomboid  muscles,  more  especially  the  greater,  which,  as  its  main  attachment  is  near 
the  inferior  angle  of  the  scapula,  necessarily  tends  to  raise  that  part  and  bring  it 
nearer  to  the  dorsal  spines.  In  this  manner  -^hen  the  trapezius,  levator,  and  rhomboid 
muscles  act  together,  the  scapula  is  raised  without  rotation,  and  its  base  is  carried  at 
the  same  time  inwards  towards  the  dorsal  spines. 

The  subclavius,  by  depressing  the  clavicle,  diminishes  the  space  between  that  bone 
and  the  first  rib,  and  may  probably  act  principally  as  a  support  to  the  sterno-clavicular 
articulation. 

The  pectoralis  minor,  in  bringing  the  coracoid  process  downwards  and  forwards, 
tends  to  throw  the  lower  angle  of  the  scapula  backwards. 
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.nS!.T         T"^  withdrawing  the  scapula  from  the  spinal  column 

enables  the  arm  when  raised  from  the  shoulder  to  be  still  farther  outstretched  as  in 
the  movement  termed  extension  in  fencing.  It  comes  powerfully  into  action'in  all 
movements  of  pushmg;  it  likewise  combines  with  the  trapezius  in  rotating  the 

'nie  latissimus  dorsi  carries  the  elevated  arm  downwards  and  backwards,  rotating 
It  at  the  same  time  inwards,  so  as  to  make  the  palm  look  backwards,  thus  accomplish- 
ing such  a  movement  as  is  made  by  the  arm  in  swimming.  By  passing  over  the 
angle  of  the  scapula  it  binds  that  process  to  the  trunk,  preventing  its  projection 
backwds ;  and  by  being  folded  round  the  outer  border  of  the  scapula,  it  limits  the 
projection  outwards  of  the  same  angle  when  the  arm  is  raised. 

The  pectoralis  major  muscle,  while  it  combines  with  the  latissimus  dorsi  in 
depressing  the  humerus  from  the  raised  position,  opposes  that  muscle  by  drawing 
the  limb  forwards.  It  is  placed  upon  the  stretch  when  the  arms  are  thrown  back- 
wards, and  is  most  shortened  when  they  are  folded  across  the  chest. 

Considered  as  acting  on  the  trunk  from  the  upper  limb  in  a  fixed  condition,  these 
muscles  have  chiefly  the  following  efi'ect :— They  all  tend  to  draw  the  trunk  of  the 
body  towards  the  limb,  as  in  climbing,  or  other  like  efiforts.  The  latissimus  dorsi,  if 
acting  on  both  sides,  carries  the  body  upwards  and  forwards,  as  in  the  use  of  crutches, 
or  in  throwing  a  somersault  from  the  hands  backwards.  The  pectoral  and  latissimus' 
dorsi  muscles  are  also  muscles  of  forced  inspiration,  tending  to  raise  and  dilate  the 
ribs,  more  especially  when  the  arms  are  elevated.  The  upper  parts  of  both  trapezii 
muscles  acting  on  the  occipital  bone  aid  the  sterno-mastoid  muscle  in  throwing 
forward  the  chin ;  and  if  one  muscle  only  acts,  it  aids  in  rotating  the  head. 


MUSCLES  OF  THE  SHOtTLDER, 


The  deltoid  is  a  coarsely  fasciculated  muscle,  extending  from  tlie  most 
prominent  part  of  the  shoulder  down  a  third  of  the  upper  arm.  It  arises 
by  a  broad  margin  in  three  portions,  an  anterior  from  the  external  third  of 
the  clavicle,  a  middle  from  the  outer  edge  of  the  acromion,  and  a  posterior 
from  the  lower  border  of  the  spine  of  the  scapula  as  far  back  as  the 
triangular  surface  at  the  inner  end  of  that  portion  of  the  bone,  and  the 
fasciculi  from  the  extended  origin,  converging  as  they  descend,  are  inserted 
by  a  comparatively  narrow  but  thick  extremity  into  the  triangular  rough 
surface  above  the  middle  of  the  humerus,  on  its  outer  side.  This  rough 
surface  receives  the  name  of  the  deltoid  impression. 

At  its  posterior  part  the  origin  of  the  deltoid  is  thin  and  tendinous,  and  in  the  rest 
of  its  extent  fibrous  septa  dip  down  between  the  coarse  muscular  fasciculi.  At  the 
insertion  it  is  tendinous  on  the  deep  surface,  and  fibrous  septa  also  project  upwards 
from  thence  into  the  substance  of  the  muscle.  The  muscular  fibres  are  arranged 
pennately  round  those  septa  with  such  regularity  as  to  have  suggested  to  Albinus  the 
subdivision  of  the  muscles  into  seven  parts,  four  of  them  broad  above  and  narrow 
below,  and  three  intercalated  between  those  parts,  which  are  broad  below  and  narrow 
above.    (Albinus,  Histor.  Muscul.  Horn.,  p.  423.) 

At  the  posterior  border  of  the  deltoid,  the  aponeurosis  covering  the  infraspinatus 
muscle  divides  into  two  thin  layers,  of  which  one  covers  the  muscle  superficially, 
and  the  other  lines  its  deep  surface.  At  its  anterior  border  this  muscle  is  in 
contact  with  the  pectoralis  major,  the  cephalic  vein  lying  between  them.  In 
immediate  contact  with  the  deep  surface  is  the  large  bursa,  which  separates  this 
muscle  and  the  acromion  from  the  shoulder  joint  and  the  muscles  supporting  it. 
The  deltoid  muscle  covers  the  origins  of  the  biceps,  coraco-brachialis,  and  long  head  of 
the  triceps,  and  the  insertions  of  the  subscapularis,  supraspinatus,  infraspinatus  and 
teres  minor  muscles,  as  also  the  circumflex  vessels  and  nerve. 

The  subscap\daris  muscle  arises  from  all  the  venter  of  the  scapula,  with 
the  exception  of  the  neck  of  the  bone  and  the  spaces  occupied  by  the  serratus 


magnus  ;  it  Is  inserted  ten- 
diuously  iuto  the  small  tuber- 
osity of  the  humerus,  and  by 
fleshy  fibres  iuto  the  bone  for 
a  short  distance  lower  down. 
Tendinous  septa,  attached  to 
the  ridges  of  the  subscapular 
fossa,  pass  outwards  in  the 
origin  of  the  muscle,  and 
others  aro  prolonged  inwards 
from  the  tendon  of  insertion. 

Fig.  175. — SuPERFioiAL  Muscles 

OF   THE   SnOULDEB   AND  UpPER 

Limb,  seen  from  behind.  ^ 

a,  acromion ;  6,  base  of  the  sca- 
pula; c,  tendon  of  the  trapezius 
muscle  over  the  triangular  surface 
of  the  spine  of  the  scapula ;  d, 
olecranon  of  the  ulna  ;  e,  external 
condyloid  eminence ;  /,  lower  end 
of  the  ulna  ;  1,  trapezius  ;  2,  acro- 
mial part  of  deltoid  ;  2',  the  part  of 
the  same  muscle  rising  from  the 
spine  of  the  scapula  ;  3,  rhom- 
boideus  major ;  4,  infraspinatus ; 
5,  teres  minor  ;  6,  teres  major  ;  7, 
latissimus  dorsi ;  -|- ,  triangular 
space  between  the  trapezius,  rhom- 
boid and  latissimus  ;  9,  triceps  ex- 
tensor cubiti ;  8',  its  outer  head  ; 
8",  part  of  its  inner  head  ;  9,  an- 
coneus ;  10,  part  of  the  brachialis 
anticus  ;  11,  supinator  longus  ;  12, 
extensor  carpi  radialis  longior.  The 
explanation  of  the  remaining  refer- 
ences will  be  found  in  the  descrip- 
tion of  fig.  182. 

The  tendon  of  this  muscle  is  in- 
corporated with  the  capsule  of  the 
shoulder-joint,  and  between  its 
upper  margin  and  the  coracoid 
process  is  a  bursa  usually  commu- 
nicating with  that  joint.  Ante- 
riorly it  is  in  contact  at  its  origin 
with  the  serratus  magnus,  and  is 
covered  at  its  insertion  by  the 
coraco-brachialis  and  biceps,  while, 
in  the  interval  between,  it  forms 
part  of  the  posterior  wall  of  the 
axilla. 

The  sv/praspinatus  muscle 
arises  from  the  whole  surface 
of  the  supraspinous  fossa  of 
the  scapula  as  far  forward  as 
the  outer  extremity  of  the 
spine,  and  from  an  aponeurosis, 
by  which  it  is  covered.  It 


UPPER  LIMB, 

completely  fills  the  fossa, 
and  its  fibres  converge  bo- 
neatli  the  acromion  to  a 
tendon,  which  adheres  to  the 
capsule  of  the  shoulder-joint, 
and  is  inserted  into  the 
upper  of  the  three  facets  on 
the  great  tuberosity  of  the 
humerus. 

Fig.  176. — Superficial  Mus- 
cles OP  THE  Shoulder  and 
Upper  Limb,  prom  before. 

1,  pectoralis  major ;  1',  its 
clavicular  portion  ;  2,  deltoid  ; 
3,  biceps  brachii  ;  3',  its  tendon 
of  insertion ;  3",  its  aponeu- 
rotic slip;  4,  bracliialis  anticus  ; 
4',  its  inner  and  lower  portion  ; 
5,  inner  head  of  the  triceps  ;  6', 
lower  part  of  the  same,  seen 
rising  from  behind  the  inter- 
muscular septum.  The  expla- 
nation of  the  remaining  references 
will  be  found  iu  the  description 
of  fig.  179. 

The  infraspmatus  muscle, 
occupying  the  greater  part 
of  the  infraspinal  fossa, 
arises  from  the  under  surface 
of  the  spine  and  from  the 
whole  surface  of  the  blade 
of  the  scapula  below  the 
spine,  except  those  parts  at 
the  lower  angle  and  along 
the  external  border,  to  which 
the  teres  muscles  are  at- 
tached. The  fibres  converge 
to  a  tendon,  which  is  con- 
cealed at  first  within  the  sub- 
stance of  the  muscle,  and  is 
inserted  into  the  middle 
facet  of  the  great  tuberosity 
of  the  humerus. 

The  supraspinatus  muscle  is 
covered  by  the  trapezius  and 
the  acromion  process. 

The  infraspinatus  muscle  is 
bound  down  by  an  aponeurosis, 
which  superiorly  and  externally 
divides  so  as  to  enclose  the 
deltoid  muscle.  It  is  covered 
by  the  deltoid  at  its  upper  and 
outer  part,  and  by  the  trapezius 
at  its  upper  and  imier  part,  by 


SCAPULAR  MUSCLES. 


211 


the  latissimus  dorsi  at  its  lower  angle,  and  in  the  intermediate  portion  it  remains 
superficial. 

The  teres  minor  musclo,  is  placed  along  the  outer  border  of  the  infraspinatus, 
and  is  intimately  connected  with  that  muscle.  It  arises  by  a  series  of  fibres 
from  a  narrow  obliquely  grooved  surface  on  the  dorsum  of  the  scapula  close 
to  the  axillary  border,  and  from  aponeurotic  septa  between  it  and  tlie 
infraspinatus  and  teres  major  muscles,  and  is  inserted  by  tendon  into  the 
greater  tuberosity  of  the  humerus,  immediately  below  the  infrappinatus, 
and  by  fleshy  fibres  into  the  bone  for  a  short  distance  lower  down. 


Fig.  177. 


Fig  177. — Mdsoles  op  the  Right 
Shoulder  and  Arm,  seen  from 

BEHIND.  4 

The  acromion  process  and  a  part 
of  the  spine  of  the  scapula,  with 
the  deltoid  muscle,  have  been  re- 
moved, a,  coracoid  process ;  b, 
triangular  surface  at  the  commouce- 
raent  of  the  spine ;  c,  is  close  to 
the  cut  portion  of  the  spine  ;  d, 
greater  tuberosity ;  e,  olecranon  of 
the  ulna  ;  /,  is  close  to  the  external 
condyloid  eminence  and  head  of  the 
radius  ;  I,  supraspinatus  muscle ; 
2,  infraspinatus ;  3,  teres  minor, 
placed  over  the  triangular  interval ; 
4,  teres  major  ;  5,  part  of  latisijii- 
mus  dorsi ;  + ,  slip  from  the  in- 
ferior angle  of  the  scapula ;  +,  on 
the  edge  of  the  humerus,  points  to 
the  tendon  of  the  latissimus  dorsi 
and  the  quadrangular  interval ;  6, 
scapular  head  of  the  triceps,  passing 
above  between  the  teres  major  and 
minor  ;  6',  outer  head  ;  6",  lower 
part  of  the  same,  below  the  spiral 
groove,  continued  from  the  inner 
head  ;  6"',  part  of  the  inner  head  ; 
7,  anconeus. 


The  teres  major  muscle 
arises  from  the  flat  oval  sur- 
face on  the  dorsum  of  the 
scapula  near  its  inferior  angle, 
slightly  from  the  axillary  bor- 
der of  the  bone,  and  from  the 
septa  interposed  between  it 
and  the  teres  minor  and  infra- 
spinatus. It  is  inserted  by  a 
flat  tendon  about  two  inches 
wide,  into  the  inner  or  posterior 
border  of  the  bicipital  groove 
of  the  humerus,  behind  and  in 
contact  with  the  tendon  of  the 

latissimus  dorsi,  to  which  it  is  adherent  for  a  short  space.  Close  to  tho 
insertion,  however,  the  tendons  of  these  muscles  are  separated  by  a  small 
bursa.    The  fibres  of  the  musclo  are  longitudinal. 

p  2 
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it™-.!      ^»     •  a*  lt»  lo^^  part  by  the  latlssimus  dorsi,  and  at 

ro^,S  1  It  18  crossed  by  the  long  head  of  the  triceps.  The  outer  side  is  sur- 
roimaea  by  tlie  latissimus  dorsi ;  and  the  anterior  surface  is  concealed  in  the  upper 
part  ot  Its  extent  by  the  tendon  of  that  muscle.  The  inner  border  of  the  muscle 
lorms  tie  outer  margm  of  a  triangular  space,  of  which  the  other  sides  are  the  upper 
part  ot  the  humerus,  and  the  axillary  border  of  the  scapula  covered  before  and 
Denina  by  the  subscapular  and  teres  minor  muscles ;  this  triangle  is  divided  by 
ine  long  bead  of  the  triceps  into  a  superior  or  external  quadrilateral,  and  an  inferior 
or  internal  triangular  compartment.  Through  the  quadrilateral  space  pass  back- 
wards the  posterior  circumflex  vessels  and  the  circumflex  nerve;  and  in  the  trian- 
gular subdivision  the  dorsal  branch  of  the  subscapular  artery  passes  round  the  margin 
ot  the  scapula  into  the  infraspinous  fossa.  The  scapular  slip  of  the  latissimus  dorsi 
arises  in  connection  with  the  teres  major. 

AoTiONS.— The  deltoid  muscle  raises  the  arm  from  the  side  as  far  as  the  structure 
of  the  shoulder-joint  permits :  that  is,  till  it  is  at  right  angles  with  the  trunk. 
Further  elevation  of  the  upper  limb  is  efiected  chiefly  by  the  trapezius ;  and  it 
may  be  remarked,  that  the  insertion  of  that  muscle  corresponds  exactly  in  extent 
to  the  origin  of  the  deltoid,  so  that  the  two  muscles  may  be  considered  continuous 
in  structure  and  in  action.  The  anterior  fibres  of  the  deltoid  combine  with  the  pecto- 
ralis  major  to  draw  the  humerus  forwards ;  the  posterior  assist  in  drawing  it  back- 
wards. The  supraspinatus,  infraspinatus  and  subscapularis  muscles  being  placed 
more  closely  round  the  joint,  when  acting  in  concert  with  the  deltoid  probably 
give  steadiness  and  precision,  while  the  deltoid  gives  the  main  elevating  force  to 
the  movement.  The  supraspinatus  simply  elevates:  the  infraspinatus  and  sub- 
scapularis carry  the  arm  backwards  or  forwards  when  it  is  raised,  and  rotate  it 
outwards  or  inwards  when  hanging  by  the  side.  The  teres  major  rotates  the 
raised  humerus  inwards,  the  teres  minor  outwards :  aoting  together  they  assist  in 
depressing  the  arm. 


MUSCLES  OF  THE  ARM. 

The  coraco-hrachialis  muscle,  elongated  in  form,  arises  from  tlie  tip  of  the 
coracoid  process  of  the  scapula,  between  the  pectoralis  minor  and  the  short 
head  of  the  biceps,  with  which  latter  it  is  for  a  short  distance  conjoined. 
It  is  inserted  into  the  inner  border  of  the  humerus  near  its  middle,  in  a 
linear  impression  of  from  two  to  three  inches  in  length,  between  the  origin 
of  the  triceps  and  the  brachialis  anticus.  From  its  insertion  a  tendinous 
offset  is  prolonged  upwards  to  the  head  of  the  humerus. 

This  muscle  is  usually  pierced  by  the  musculo-cutaneous  nerve ;  its  outer  border  is 
in  contact  with  the  biceps  muscle,  and  its  inner  with  the  brachial  artery,  by  which  it 
is  crossed  obliquely  near  its  insertion.  It  lies  in  front  of  the  tendons  of  the  subscapu- 
laris, latissimus  dorsi  and  teres  major,  and  is  covered  by  the  deltoid  and  pectoralis 
major  muscles. 

The  biceps  flexor  cuhiti  muscle  has  two  heads  of  origin  of  unequal  length  : 
one  of  these,  the  internal  or  short  head,  arises  conjointly  with  the  coraco- 
brachialis  from  the  coracoid  process  of  the  scapula  by  a  tendon  which  is 
soon  continued  into  muscle ;  the  other,  the  long  head,  arises  by  a  cylindrical 
tendon  from  the  upper  border  of  the  glenoid  ligament,  within  the  capsule 
of  the  shoulder-joint,  and  this  tendon  passing  over  the  head  of  the  humerus 
leaves  the  joint  by  the  bicipital  groove,  and  gradually  enlarges  into  the  fleshy 
head  as  it  descends.  The  muscular  fibres  from  those  two  heads,  lying  side 
by  side,  unite  to  form  an  elongated  and  thick  belly,  occupying  the  middle 
and  lower  part  of  the  arm  :  the  muscle  then  suddenly  becoming  narrower 
I),  little  above  the  bend  of  the  elbow,  is  continued  into  the  flat  rounded 
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tendon  of  insertion.  This  tendon,  slightly  twisted  upon  itself  as  it  descends, 
is  inserted  into  the  rough  posterior  margin  of  the  tuberosity  of  the  radius, 
and  glides  on  the  anterior  smooth  surface  of  that  process  by  the  inter- 
vention of  a  synovial  bursa.  From  the  front  of  the  lower  part  of  the  muscle, 
and  from  the  tendon  at  its  inner  side,  there  proceeds  a  fibrous  expansion  of 
an  aponeurotic  nature,  which  passing  downwards  and  inwards  becomes 
blended  with  the  fascia  of  the  forearm  over  the  pronator  radii  teres. 


Fig.  178.— Peup  View  op  the  Fig.  1/8. 

Mdsclbs  op  the  Riodt  Shoulder 
AND  Arm,  from  before.  J 

The  clavicle  is  divided  near  its 
middle ;   the  pectoralis  minor  is 
entirely  removed,  and  portions  of 
the  biceps,  pectoralis  major,  del- 
toid, and  latissimus  dorsi,  are  left 
near  their  attachments,    a,  acro- 
mion ;  6,  cut  part  of  the  clavicle ; 
c,  coracoid  process;  d,  upper,  and 
e,  lower  triangular  space  left  at 
the  upper  and  lower  angles  of  the 
scapula  on  its  anterior  surface  when 
the  serratus  magnus  is  removed ; 
/,  great  tuberosity  of  the  humems ; 
g,  surface  of  the  humerus  below 
the  bicipital  groove,  near  the  ridge 
of  attachment  of  the  pectoralis 
major   and   deltoid  muscles ;  h, 
outer,  and  i,  inner  condyloid  emi- 
nence of   the  humerus ;   1,  cut 
coracoid  head,  and  1',  cut  glenoid 
tendon,  of  the  biceps  muscle ;  2, 
folded  tendon  of  insertion  of  the 
pectoralis  major,  of  which  one  por- 
tion is  seen  running  up  to  the  bici- 
pital groove  ;  3,  lower  cut  end  of 
the  deltoid ;   4,  coraco-braohialis 
muscle ;  5,  subscapularis ;  5',  its 
insertion  into  the  lesser  tuberosity  ; 
6,  teres  major;  6',  its  insertion 
behind  and  below  the  latissimus 
dorsi ;  7,  part  of  the  latissimus 
dorsi ;  +,  slip  proceeding  from  the 
inferior  angle  of  the  scapula;  7', 
insertion  of  the  tendon  after  wind- 
ing round  the  teres  major  in  front 
of  and  higher  than  that  muscle  ; 
8,  8',  brachialis  anticus  ;  9,  long  or 
scapular  head  of  the  triceps,  at  the 
upper  part  seen  between  the  teres 
major  and  subscapularis  muscles, 
the  teres  minor  not  represented ;  i)', 
inner  humeral  head  of  the  triceps  ; 
10,  flexor  communis  digitorum  pro- 
fundus, taking  origin  round  the  in- 
sertion of  brachialis  anticus ;  11,  tendon  of  insertion  of  the  biceps. 

Concealed  above  by  the  deltoid  and  pectoralis  major  muscles,  the  biceps  forms  in 
the  rest  of  its  extent  the  prominence  of  the  front  of  the  arm.  It  rests  in  its  upper 
half  on  the  humerus,  and  in  its  lower  on  the  brachialis  anticus,  and  by  its  inner 
margin  is  in  contact  in  its  upper  half  with  the  coraco-brachialis,  in  its  lower  with  tho 
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brachial  artery.  Its  inferior  tendon  is  in  contact  with  the  supinator  brevis,  and  the 
hbrous  expansion  is  stretched  across  the  brachial  artery  and  median  nerve. 

Occasionally  a  third  head,  arising  from  the  liumerus  in  more  or  less  close  connection 
with  the  brachialis  anticus  and  the  insertion  of  the  coraco-brachialis,  is  added  to  the 
biceps  muscle  :  this  head  lies  generally  on  the  outer  side  of  the  brachial  artery,  and 
has  sometimes  been  found  covering  it.  A  muscular  band  has  also  been  observed 
extending  downwards  from  the  biceps  to  the  intermuscular  septum  over  the  inner 
condyle  of  the  humerus,  and  passing  over  the  brachial  artery.  (R.  Quain  "The 
Anatomy  of  the  Arteries,"  &c.,  p.  270,  pi.  57.) 


The  brachialis  anticus  muscle  (brachifeus  internus)  arises  from  the  lower 
half  of  the  anterior  surface  of  the  humerus.  At  the  upper  part  of  its 
origin  it  embraces  the  insertion  of  the  deltoid  by  two  angular  fleshy  pro- 
cesses ;  it  extends  downwards  to  the  capsule  of  the  elbow-joint,  and 
inwards  to  the  internal  supracondyloid  ridge  and  intermuscular  septum 
in  its  whole  extent  ;  on  its  outer  side  it  is  separated  from  the  external 
ridge  and  septum  in  the  greater  part  of  its  length  by  the  supinator  longus, 
and  only  arises  from  it  for  a  short  distance  at  its  upper  end.  It  is  closely 
adherent  to  the  ligament  in  front  of  the  elbow- joint,  and  terminates  below 
in  a  thick  mass  which  is  inserted  into  the  rough  triangidar  surface  on 
the  front  of  the  coronoid  process  of  the  ulna. 

This  muscle  projects  at  each  side  of  the  biceps,  and  supports  the  brachial  artery 
and  median  nerve.  Fibres  have  been  found  to  pass  inwards  from  it,  over  the  brachial 
artery,  to  the  internal  intermuscular  septum. 


The  triceps  extensor  cubiti,  occupying  the  whole  space  behind  the  humerus 
and  intermuscular  septa,  consists  superiorly  of  three  portions  or  heads  which 
are  united  lower  down  in  a  common  mass,  the  tendon  of  which  is  inserted 
into  the  posterior  and  upper  part  of  the  olecranon,  a  bursa  intervening 
between  that  tendon  and  the  most  prominent  part  of  this  process.  The 
middle  or  long  head  (musculus  anconeus  longus)  arises  from  the  lower 
part  of  the  glenoid  cavity  and  an  adjoining  rough  portion  of  the  inferior 
border  of  the  scapula,  by  a  tendon  which  spreads  over  the  sides  of  the 
muscular  structure  proceeding  from  it.  The  muscular  fibres  from  this 
source  descend  and  form  the  middle  and  superficial  part  of  the  common 
mass,  presenting  a  flat  vertical  tendon  on  their  surface  inferiorly.  The 
external  head  (m.  anconeus  brevis)  takes  origin  by  tendinous  and  fleshy 
fibres  from  the  humerus  along  a  line  extending  from  the  insertion  of  the 
teres  minor,  downwards  on  the  outer  border  of  the  humerus  as  low  as 
the  musculo-spiral  groove  ;  from  this  line  of  origin  its  fibres,  which  are 
comparatively  short,  descend  obliquely  to  be  inserted  into  the  tendon  of 
the  middle  part.  The  lowest  fibres  of  this  head  are  bound  down  by  a  slight 
aponeurotic  arch  over  the  extremity  of  the  musculo-spiral  groove,  and  below 
their  inferior  margin  other  fibres  are  found  arising  from  the  external  inter- 
muscular septum  and  the  surface  of  the  humerus  behind  ;  but  these  last 
pass  to  be  inserted  more  deeply  than  into  the  tendon  of  the  middle  part  of 
the  muscle,  and  are  rather  to  be  considered  as  belonging  to  the  muscular 
mass  which  forms  the  internal  head.  The  internal  or  deep  head  (m.  an- 
coneus internus),  the  shortest  of  the  three,  commences  in  a  narrow  pointed 
part  behind  and  below  the  tendon  of  insertion  of  the  teres  major,  and 
arises  from  the  whole  posterior  surface  of  the  humerus  below  the  musculo- 
spiral  groove,  from  the  internal  intermuscular  septum  in  all  its  length, 
and  from  the  inferior  portion  of  the  external  septum  ;  some  of  its  lower 
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fibres  are  inserted  immediately  into  the  olecranon,  and  the  greater  part  of 
them  join  the  deep  surfiice  of  the  common  tendon.  No  muscular  fibres 
arise  from  the  musculo-spiral  gi-oove  itself. 

The  method  of  description  above  followed,  in  which  all  the  fibres  arising  below  the 
musculo-spiral  groove  are  assigned  to  the  internal  head,  originated  with  Theile. 
(Miillcr's  "  Archiv."  &c.  1839,  p.  420,  and  "Soemmerring  v.  Baue,"  &c.)  The  long 
head  of  the  triceps  lies  between  the  two  teres  muscles  above,  and  is  in  contact  with 
the  capsule  of  the  shoulder-joint.  The  musculo-spiral  nerve,  and  the  superior  pro- 
funda arteiy,  pass  between  the  inner  and  outer  heads  as  tliey  lie  in  the  musculo- 
spiral  groove. 

Sub-anconeiis.— On  removing  the  triceps  from  the  lower  part  of  the  humerus,  some 
muscular  fibres  will  be  found  passing  from  that  part  of  the  bone  to  the  capsule  of  the 
elbow-joint.  These  fibres,  which  are  analogous  to  the  sub-crureus  in  the  lower  limb, 
have  been  described  as  distinct  from  the  triceps  under  the  name  sub-anconeus. 

The  anconeus  muscle  (anconeus  qiiartus)  although  placed  below  the  elbow 
and  in  that  respect  belonging  to  the  forearm,  is  in  its  structure,  function 
and  nervous  supply,  so  intimately  connected  with  the  triceps,  that  it  is  most 
appropriately  associated  in  description  with  that  muscle.  It  arises  by  a 
narrow  tendon  from  the  extremity  of  the  outer  condyloid  eminence  of  the 
humerus,  at  the  posterior  aspect.  From  this  the  fibres  diverge  from  one 
another,  the  upper  being  horizontal,  the  rest  passing  downwards  with  in- 
creasing degrees  of  obliquity,  and  are  inserted  into  the  olecranon  on  its 
radial  aspect,  and  into  the  adjacent  impression  on  the  upper  third  of  the 
shaft  of  the  ulna.  Its  superior  fibres  are  parallel  to  the  lowest  fibres  of  the 
internal  head  of  the  triceps,  and  are  generally  in  contact  with  them. 

Actions. — The  biceps  muscle  raises  the  arm  at  the  shoulder  and  flexes  the  elbow- 
joint  ;  the  long  head  of  the  triceps  depresses  the  arm  at  the  shoulder,  and  extends  the 
elbow-joint.  The  short  head  of  the  biceps  draws  the  arm  inwards  as  well  as 
upwards,  as  does  also  the  coraco-brachialis.  If  the  biceps  be  called  into  action  when 
the  hand  is  in  pronation,  its  first  efifect,  in  virtue  of  its  insertion  into  the  back  part  of 
the  tuberosity  of  the  radius,  is  to  produce  supination  of  the  forearm.  The  brachialis 
anticus  is  a  simple  flexor  of  the  elbow ;  the  external  and  internal  heads  of  the  triceps, 
and  the  anconeus  muscle,  are  simple  extensors  of  that  joint. 


MUSCLES  OF  THE  FOREAEM. 

a.  Anterior  and  Inner  Regions  (Flexxirs  and  Pronators). 

The  muscles  on  the  front  and  inner  part  of  the  forearm  are  disposed 
in  two  sets,  one  being  superficial,  the  other  more  deeply  seated. 

The  superficial  layer  of  muscles  comprehends  the  pronator  radii  teres, 
flexor  carpi  radialis,  palmaris  longus,  flexor  carpi  ulnaris  and  flexor  digito- 
rum  sublimis.  These  five  muscles  are  intimately  united  at  their  origin  from 
the  inner  condyle,  to  which  they  are  attached  by  a  common  tendon  which 
gives  fibres  to  each,  and  also  sends  septa  between  them. 

The  lyronator  radii  teres,  the  most  external  of  the  group,  arises  by  two 
distinct  heads  ;  one,  large  and  superficial,  is  derived  from  the  upper  part  of 
the  inner  condyloid  eminence  of  the  humerus,  and  from  the  common  tendon 
above  mentioned;  also  from  the  fascia  and  the  intermuscular  septum  of  the 
forearm.  The  second  head,  a  thin  fasciculus  deeply  placed,  comes  from 
the  inner  margin  of  the  coronoid  process,  and  joins  the  other  at  an 
acute  angle.    The  fleshy  belly  thus  formed  proceeds  outwards  and  down- 
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wards,  and  ends  in  a  flat  tendon  wMcli  turns  over  the  radius,  and  is  inserted 
into  a  rough  surface  at  the  middle  of  the  outer  side  of  that  bone. 


Fig.  179. 


Fig.  179. — Superficial  Muscles  of  tdk  Forearm 
AND  Hand,  seen  from  tde  front.  \ 

3,  biceps  flexor  cubiti ;  3',  its  tendon  of  insertion  ; 
3",  its  aponeurotic  slip  ;  4,  bracbialis  anticus ;  4', 
its  inner  and  lower  portion  ;  5',  lower  part  of  tbe 
triceps,  seen  rising  from  behind  the  intermuscular 
septum  ;  6,  pronator  radii  teres ;  7,  flexor  carpi 
radialis ;  8,  palmaris  longus,  passing  at  8'  into  the 
palmar  aponeurosis ;  9,  flexor  carpi  ulnaris ;  10, 
supinator  longus ;  between  10  and  3,  +  marks  a 
part  of  the  supinator  brevis ;  11,  extensor  ossis 
metacarpi  pollicis ;  12,  extensor  primi  intemodii ; 
13,  lower  part  of  the  flexor  digitorum  sublimis  ;  14, 
flexor  longus  pollicis ;  15,  small  part  of  the  flexor  digi- 
torum profundus ;  16,  palmaris  brevis,  lying  on  the 
muscles  of  the  little  finger ;  17,  abductor  pollicis. 

The  pronator  teres  is  placed  superficially  in  the 
greater  part  of  its  extent ;  but  towards  its  inser- 
tion it  is  crossed  by  the  radial  artery  and  nerve, 
and  the  supinator  longus  muscle.  The  ulnar  bor- 
der is  in  contact  with  the  flexor  carpi  radialis 
and  palmaris  longus :  the  radial  border  forms  the 
inner  boundary  of  the  angular  space  at  the  bead  of 
the  arm,  in  which  are  placed  the  brachial  artery, 
the  median  nerve,  and  the  tendon  of  the  biceps 
muscle.  The  pronator  teres  covers  the  flexor  sub- 
limis digitorum ;  the  ulnar  artery  passes  behind 
the  whole  muscle,  and  the  median  nerve  between 
its  two  heads. 

Additional  fibres  frequently  arise  from  the  inter- 
muscular septum  above  the  inner  condyloid  emi- 
nence of  the  humerus,  or  from  the  supracondy- 
loid  process  when  that  is  present.  This  peculiarity 
is  sometimes  associated  with  a  change  in  the 
direction  of  the  brachial  artery. 


The  flexor  carpi  radialis  arises  from  the 
inner  condyle  by  the  common  tendon,  from 
the  fascia  of  the  forearm,  and  from  the  inter- 
muscular septa  placed  between  it  and  the 
pronator  teres  on  one  side,  the  palmaris  longus 
on  the  other,  and  the  flexor  sublimis  pos- 
teriorly. The  fleshy  fibres  end  in  a  flat 
tendon,  a  little  below  the  middle  of  the 
forearm.  Arrived  at  the  carpus,  the  tendon 
occupies  a  special  fibrous  compartment  situated  in  the  outer  part  of  the 
anterior  annular  ligament  of  the  wrist,  and  runs  through  a  groove  in  the 
OS  trapezium,  to  which  it  is  bound  by  a  thin  fibrous  sheath  lined  by  a 
synovial  membrane,  and  is  inserted  into  the  extremity  of  the  second 
metacarpal  bone. 

A  fasciculus  from  the  inserted  tendon  sometimes  passes  to  the  third  and  even  to 
the  fourth  metacarpal  bone. 

In  the  lower  half  of  the  forearm  the  radial  artery  is  placed  to  the  outer  side  ot  the 

tendon. 
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The  palmaris  longus,  the  smallest  muscle  of  this  group,  Is  placed  between 
the  flexores  carpi  radialis  and  ulnaris,  resting  on  the  flexor  sublimis  :  it 
arises  from  the  inner  condyle  and  the  intermuscular  septa  ;  forming  a  small 
muscular  belly,  which  soon  ends  in  a  long  slender  tendon,  inserted  into 
the  palmar  fascia,  near  the  middle  of  the  wrist,  and  sometimes  sending  a 
slip  to  the  short  muscles  of  the  thumb. 

The  palmaris  longus  is  frequently  wanting.  It  is  subject  to  many  variations  of 
form,  e.  g.  the  muscular  fibres  may  occupy  the  middle  of  the  muscle,  which  then 
commences  and  ends  by  an  elongated  tendon ;  or  the  muscular  structure  may  be 
placed  towards  the  lower  end,  the  upper  part  being  tendinous.  Occasionally  there 
are  two  long  palmar  muscles,  one  having  the  ordinary  shape,  while  the  other  has  one 
of  the  forms  above  referred  to.  The  most  remarkable  peculiarity  is  that  in  which  a 
small  muscle,  a  second  palmaris  longus,  placed  nearer  to  the  inner  border  of  the  fore- 
arm than'  the  usual  muscle,  covers  the  ulnar  artery  for  some  space  above  the  carpus, 
and  terminates  partly  in  the  annular  ligament  or  in  the  fascia,  and  partly  in  the 
short  muscles  of  the  little  finger. 

The  flexor  carpi  ulnaris,  the  innermost  muscle  of  the  superficial  group, 
arises  by  two  heads,  one  of  which  is  attached  tendinously  to  the  inner 
condyloid  eminence  of  the  humerus,  the  other  to  the  inner  side  of  the 
olecranon,  and  to  the  posterior  border  of  the  ulna  for  three-fourths  of  its 
length,  by  an  aponeurosis  which  is  inseparably  connected  with  the  investing 
aponeurosis  of  the  limb.  The  fibres  from  the  humeral  head  descend 
vertically,  those  from  the  ulna  pass  obliquely  forwards,  and  terminate  in  a 
tendon,  which,  emerging  from  the  first  head,  descends  along  the  anterior 
margin  of  the  muscle,  and  is  ultimately  inserted  into  the  pisiform  bone  : 
this  tendon  is  prolonged,  by  means  of  ligamentous  structures,  to  the  fifth 
metacarpal  and  unciform  bones,  as  well  as  to  the  annular  ligament  and 
muscles  of  the  little  finger. 

This  muscle  rests  on  the  flexor  profundus  digitorum.  The  ulnar  nerve  passes  down 
into  the  forearm,  in  the  interval  between  the  two  heads,  and  is  then  covered  by  the 
muscle  :  for  the  middle  part  of  its  course  the  ulnar  artery  is  also  covered  by  it,  and 
in  the  lower  part  of  tbe  forearm,  the  nerve  and  artery,  emerging  from  behind  the 
muscle,  lie  on  its  radial  side. 

The  flexor  diqiix>rum  sxMimie  vel  perforatus,  the  superficial  flexor  of  the 
fingers,  is  a  broad  flat  muscle  placed  behind  the  preceding  mitscles,  along 
with  which  it  takes  its  principal  origin.  It  is  divided  inferiorly  into  four 
tendons,  which  pass  to  be  inserted  into  the  second  phalanx  of  each  of  the 
four  inner  digits.  More  particularly,  it  arises  from  the  inner  condyle  by 
the  common  tendon,  and  the  fibrous  septa  common  to  it  and  the  other 
muscles  ;  from  the  internal  lateral  ligament  ;  from  the  anterior  surface  of 
the  coronoid  process  at  the  inner  side  ;  and  by  a  thin  flat  portion  from 
the  oblique  Hne  and  part  of  the  anterior  border  of  the  radius.  The 
fleshy  belly  enlarges  towards  the  middle  of  the  forearm,  and  again 
dimiuishes  somewhat  before  its  division.  The  four  tendons  pass  under  the 
annular  ligament  of  the  wrist  in  pairs,  one  in  front  of  the  other  ;  the 
anterior  pair  consisting  of  those  for  the  middle  and  ring  fingers,  the  poste- 
rior of  those  for  the  index  and  little  fingers.  That  for  the  little  finger  is 
smaller  than  the  others. 

In  the  palm  of  the  hand  the  tendons  diverge,  and  each  accompanied  by 
a  tendon  of  the  flexor  profundus,  enters  a  fibrous  sheath  which  binds  both 
tendons  down  to  the  palmar  surface  of  the  phalanges.  Opposite  the  first 
phalanx  the  tendon  of  the  flexor  sublimis  divides  into  two  parts,  which  fold 
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closely  roiuicl  the  tendon  of  the  deep  flexor,  and  are  reunited  by  their 
margins  behind  it  :  the  two  portions  of  the  tendon  thereafter  separating, 
pass  to  be  inserted  one  on  each  side  into  a  ridge  at  the  middle  of  the  lateral 
border  of  the  second  phalanx.  A  large  synovial  bursa  loosely  invests  the 
tendons  of  both  the  superficial  and  deep  flexors  of  the  fiugors  behind  the 
annular  ligament,  oxtendmg  downwards  into  the  palm  of  the  hand.  In  the 
little  finger  it  approaches  the  synovial  lining  of  the  sheath,  and  in  the 
thumb  it  usually  communicates  with  it. 


Fig.  180. — Metacarpal  and  Phalangeal  Bones  op  Two  Fingers,  with  tee  Tendons 

AND  THEIR  ACCESSORY  STRUCTURES.  ^ 

In  A,  the  tendons  of  the  flexor  muscles  are  bound  to  the  finger  by  the  fibrous  bands 
or  retinacula.  In  B,  these  bands  have  been  removed,  as  well  as  the  synovial  capsules  and 
vincula  accessoria  :  1,  metacarpal  bone  ;  2,  tendon  of  the  flexor  sublimis ;  3,  tendon  of 
the  flexor  profundus  ;  *,  perforation  of  the  sublimis  by  the  profundus  tendon  ;  4,  tendon 
of  the  extensor  digitorum  communis  j  5,  one  of  the  lumbricales  muscles ;  6,  one  of  the 
interosseous  muscles. 


The  sheaths  of  the  flexor  tendons,  by  which  they  are  bound  down  to  the 
fingers,  are  formed  opposite  the  first  and  second  phalanges  by  strong  ten- 
dinous bands  of  transverse  fibres  (ligamenta  vaginalia)  attached  to  the 
rough  margins  of  the  palmar  surfaces  of  the  phalanges.  Opposite  the  joints, 
flexion  is  secured  by  the  substitution  for  those  bands  of  a  thin  membrane, 
strengthened  by  oblique  decussating  fibres.  The  tendinous  sheath  has  a 
synovial  lining,  which  is  simple  in  front,  but  posteriorly  dips  between  the 
tendons.  A  few  slender  and  loose  bands  (vincula  accessoria  tendinum, 
vincula  vasculosa)  extend  from  the  floor  of  the  sheath  to  the  deep  surface 
of  both  tendons.  Behind  each  tendon,  near  its  insertion,  is  a  short  mem- 
branous structure  (ligamentum  breve),  which  fixes  the  tendon  to  the  front 
of  the  phalanx  situated  above  that  into  which  it  is  inserted. 

Superiorly,  the  flexor  sublimis  is  concealed  by  the  other  muscles  of  the  superficial 
set,  and  is  crossed  near  the  radius  by  the  radial  artery  ;  it  rests  on  the  flexor  pollicis 
longus  and  flexor  profundus,  separated  from  the  latter  by  the  median  nerve  and  the 
ulnar  artery.  In  the  palm  of  the  hand,  its  tendons  are  covered  by  the  palmar  fascia, 
the  superficial  palmar  arterial  arch,  and  the  branches  of  the  median  nerve;  and 
they  lie  in  front  of  the  accompanying  tendons  of  the  flexor  profundus. 

A  muscular  slip  is  frequently  given  from  this  muscle  to  the  flexor  profundus,  or  to 
the  flexor  longus  pollicis.    The  tendon  for  the  little  finger  is  sometimes  wanting. 

The  deep-seated  muscles,  on  the  anterior  surface  of  the  forearm,  are  the 
flexor  profundus,  flexor  pollicis  longus  and  pronator  quadratus. 
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The  flexor  profundus  digitorum,  or  flexor  perforans,  a  large  and  thick 
muscle,  arises  from  the  hollow  at  the  inner  side  of  the  olecranon  ;  from  the 
inner  and  anterior  surfaces  of  the  ulna  for  three-fourths  of  its  length  ; 
from  the  ulnar  half  of  the  interosseous  liga- 
ment for  the  same  distance  ;  and  from  the  Fig-  181, 
aponeurosis  attachmg  the  flexor  carpi  ulnaris 
to  the  uhia.    It  divides  inferiorly  into  four 
tendons,  only  one  of  which,  that  for  the  index 
finger,  is  distinct  from  the  others  above  the 
■yyriat — the  rest  being  connected  together  as 
fiir  as  the  palm.    In  the  palm  the  tendons, 
as  they  diverge,  give  origin  to  the  lumbricales 
muscles.    Opposite  the  first  phalanx,  the 
tendon   of  each  finger  passes  through  the 
opening  fonned  for  its  transmission  in  the 
tendon  of  the  flexor  sublimis,  and  is  inserted 
into  the  base  of  the  last  phalanx. 

Fig.  181. — Deep  Anterior  Muscles  op  the 
Forearm.  ^ 

The  Lumeral  muscles  and  the  superficial  muscles 
of  the  forearm  and  hand,  together  with  the  lumbri- 
cales, have  been  removed,  and  the  place  of  the 
anterior  annular  ligament  of  the  carpus  is  marked 
by  two  dotted  lines,  a,  surface  of  the  humerus 
above  the  coronoid  fossa ;  6,  rough  surface  of  the 
ulna,  into  which  the  brachialis  anticus  is  inserted ; 

c,  head  of  the  radius  covered  by  the  orbicular  liga- 
ment, and  between  this  and  a,  the  anterior  ligament 
of  the  elbow-joint ;  -I- ,  the  internal  lateral  ligament ; 

d,  the  lower  end  of  the  radius  ;  e,  that  of  the  ulna  ; 
/,  the  scaphoid  and  trapezium  bones  ;  g,  the  pisiform 
bone  ;  1,  supinator  radii  brevis  ;  2,  flexor  longus 
poUicis  ;  3,  flexor  digitorum  profundus  ;  3',  its  four 
tendons,  where  they  are  about  to  pass  into  the  hand 
under  the  annular  ligament ;  4,  pronator  quadratus 
on  the  lower  part  of  the  radius ;  5,  deep  head  of 
flexor  brevis  pollicis  ;  6,  adductor  pollicis ;  7,  first 
dorsal  interosseous  muscle  ;  8,  in  the  second  space, 
is  placed  between  the  first  palmar  and  the  second 
dorsal  interosseous  muscles  ;  in  the  third  space, 
between  the  third  dorsal  and  the  second  palmar  ; 
in  the  fourth  space,  between  the  fourth  dorsal  and 
the  third  palmar.  (For  the  lumbricales  muscles,  see 
Figs.  180  and  186.) 

The  upper  extremity  of  this  muscle  embraces  the 
insertion  of  the  brachialis  anticus.  On  its  surface 
lie  the  median  nerve  and  the  ulnar  artery  and 
nerve.    The  external  border  is  parallel  with  the 

flexor  longus  pollicis,  from  which  it  is  separated,  on  the  interosseous  membrane 
by  the  anterior  interosseous  vessels  and  nerve.  The  tendons  are  covered  by  the 
synovial  sacs,  which  have  been  mentioned  in  connection  with  the  flexor  sublimis 


The  lumhr^cales  are  four  tapering  fleshy  fasciculi,  passing  from  the 
tendons  of  the  flexor  profundus  to  the  first  digital  phalanges.    They  arise 
by  fleshy  fibres  from  the  outer  or  radial  borders  of  the  deep  flexor  tendons 
and  proceed  forwards  to  the  radial  sides  of  the  fingers,  where  cicli  is 
inserted  into  an  expansion  of  the  extensor  tendon  on  the  dorsal  asoect 


220 


MUSCLES  OF  THE  UPPEE  LIMB. 


of  the  metacarpal  phalanx  of  the  finger.  The  two  inner  lumbricales 
t'^ndons  ^'^^^''^  tJ^i^d 

inl?^  °^  ^^'^^^  unfrequently  diminished  to  three,  and  in  rare 

chanlT  ''^^  ^  °f  "'^^  -       °f  them  is  often 

iWpH  i.f„  .  T  T '  ^"""'^  frequently  the  third  or  fourth)  has  sometimes  two 
mseuea  mto  it.   Lastly,  one  muscle  may  be  insex-ted  into  two  fingers. 

The  flexor  longus  poUicis,  placed  side  by  side  with  the  flexor  profundus, 
anses  from  the  grooved  surface,  on  the  fore  part  of  the  radius  from  the 
oblique  line  to  the  edge  of  the  pronator  quadratus  ;  it  arises  also  from 
the  adjacent  part  of  the  interosseous  ligament,  and  by  a  rounded  fleshy 
and  tendinous  slip  distinct  from  the  rest  of  the  muscle,  from  the  inner  part 
of  the  coronoid  process.  The  muscle  ends  in  a  tendon  which  passes  behind 
the  annular  ligament  of  the  wrist  close  to  the  trapezium,  turns  outwards 
between  the  two  heads  of  the  flexor  brevis  and  between  the  sesamoid  bones, 
and  entering  a  canal  similar  to  those  of  the  other  flexor  tendons,  is  finally 
inserted  into  the  base  of  the  second  phalanx  of  the  thumb. 

Inferiorly,  a  part  of  this  muscle  is  placed  superficially  between  the  flexor  carpi 
radialis  and  the  supinator  longus,  where  it  supports  the  radial  vessels. 

The  pronator  quadratus,  placed  close  to  the  bones  behind  the  last  two 
muscles,  arises  from  the  anterior  and  inner  surfaces  of  the  ulna  for  about 
two  inches  above  its  carpal  extremity  ;  its  fibres  cross  the  lower  part  of 
the  forearm,  some  transversely  and  others  obliquely,  and  they  are  inserted 
for  an  equal  distance  into  the  fore  part  of  the  radius. 


h.  Posterior  and  Outer  Regions  (Extensors  and  Supinators). 

The  muscles  of  this  group  are,  like  those  of  the  front  of  the  forearm, 
divided  into  a  superficial  and  a  deep  layer. 

The  superficial  muscles  are  six  iu  number,  viz. ,  the  supinator  longus,  the 
extensores  carpi  radiales  longior  and  brevior,  the  extensor  communis 
digitorum,  extensor  minimi  digiti,  and  extensor  carpi  ulnaris. 

The  supinator  radii  longus  arises  from  the  upper  two-thirds  of  the 
external  condyloid  ridge  of  the  humerus,  and  is  interposed  between  the 
brachialis  anticus  and  the  external  intermuscular  septum,  to  which  its  fibres 
are  attached.  The  thin  fleshy  mass  proceeding  from  this  elongated  origin 
descends  upon  the  anterior  and  outer  border  of  the  forearm,  and  ends 
about  the  middle  in  a  flat  tendon,  which  is  inserted  into  the  external  border 
of  the  radius,  near  the  base  of  the  styloid  process. 

This  muscle  is  covered  only  by  skin  and  fascia,  except  at  its  insertion,  where  two 
of  the  extensor  tendons  of  the  thumb  lie  superficial  to  it. 

The  extensor  carpi  radialis  longior,  partly  covered  by  the  supinator  longus, 
arises  from  the  lower  part  of  the  external  condyloid  ridge  of  the  humerus, 
and  from  the  intermuscular  septum.  Its  muscular  beUy  ends  at  the 
meeting  of  the  upper  and  middle  thirds  of  the  forearm  in  a  flat  tendon, 
which  passes  conjointly  with  that  of  the  following  muscle  over  the  lower 
end  of  the  radius  in  the  outermost  of  the  two  broad  grooves  on  the  posterior 
surface  of  that  bone,  and  is  inserted  into  the  base  of  the  second  metacarpal 
bone.    A  small  bursa  lies  beneath  the  tendon  at  its  insertion. 
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Tlie  extensor  carpi  radialis   brevior  arises  from  the  outer  condyloid 
eminence  of  the  humerus  by  a  tendon  common  to  it  and  the  other  extensor 
muscles,  from  the  intervening  fibrous  septa,  from  a  superficial  tendmous 
expansion,  and  from  the  external  lateral  liga- 
ment of  the  elbow-joint.    Its  muscular  belly  Fig.  i82, 
ends  in  a  flat  tendon,  which  descends  with 
that  of  the  extensor  longior,  passes  through 
the  same  groove  of  the  radius  with  it,  and 
is  inserted  into  the  base  of  the  metacarpal 
bone  of  the  middle  finger.    A  bursa  is  placed 
between  this  muscle  and  the  supinator  brevis, 
and  a  smaller  one  between  the  tendon  and  the 
metacarpal  bone. 


Fig.  182.— Superficial  Muscles  op  the  Foreaum 
AND  Hand,  seen  from  behind.  \ 

d,  olecranon ;  e,  external  condyloid  eminence  ; 
/,  lower  end  of  the  ulna  ;  8,  main  tendon  of  the  triceps 
extensor  cubiti ;  8",  its  inner  head ;  9,  anconeus  ;  10, 
part  of  brachialLs  anticus  ;  11,  supinator  longus  ;  12, 

extensor  carpi  radialis  longior  ;  13,  brevior  ; 

14,  extensor  communis  digitorum  ;  15,  extensor  carpi 
ulnaris;  +,  between  14  and  15,  extensor  minimi 
digiti ;  16,  origin  of  the  flexor  carpi  ulnaris  by  an 
aponeurosis  from  the  back  of  the  ulna  ;  17,  extensor 
ossis  metacarpi  poUicis ;  17',  its  insertion  into  the 
first  metacarpal  bone  ;  18,  extensor  prLmi  internodii 
poUicis  ;  18',  its  insertion  into  the  fii'st  phalanx  ;  + 
and  J,  posterior  annular  ligament  of  the  carpus  or 
retinaculum  of  the  extensor  tendons ;  at  +,  the  ten- 
dons of  the  long  and  short  radial  extensors  ;  at  +, 
the  tendon  of  the  extensor  minimi  digiti  ;  19,  tendon 
of  the  extensor  secundi  internodii;  20,  is  placed  on  the 
proximal  end  of  the  second  metacarpal  bone,  close  to 
the  insertion  of  the  radial  extensors  of  the  carpus  : 
in  the  hand,  the  dorsal  interossei  muscles  are  shown, 
and  on  the  middle  finger  the  insertion  of  the  ex- 
tensor tendons. 

This  muscle  is  covered  by  the  supinator  longus 
and  extensor  carpi  radialis  longior,  and  conceals  the 
supinator  brevis  and  the  insertion  of  the  pronator 
radii  teres.  The  tendon  of  this  muscle  and  that 
of  the  extensor  carpi  radialis  longior  are  crossed 
obliquely  by  the  extensors  of  the  metacarpal  bone 
and  first  phalanx  of  the  thumb. 

The  extensor  communis  digitorum,  placed 
between  the  extensor  carpi  radialis  brevior 
and  the  extensor  minimi  digiti,  arises  by  a 
tendon  common  to  it  and  the  other  super- 
ficial extenspr  muscles,  also  from  the  fascia  of  the  forearm,  and  the 
septa  between  it  and  the  adjoining  muscles.  Somewhat  below  the  middle 
of  the  forearm  the  muscular  part  ends  in  four  tendons,  which  pass 
between  the  posterior  annular  ligament  of  the  wrist  and  the  innermost 
broad  groove  on  the  back  of  the  radius,  and  diverge  as  they  proceed  along 
the  carpus  and  metacarpus  to  reach  the  fingers.  Here  each  is  increased  by 
tendinous  fibres  derived  from  the  lumbricales  and  interosseous  muscles. 
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forming  a  fibrous  expansion,  which  covers  the  back  of  the  first  and  second 
digital  phalanges,  and  terminates  upon  the  third  phalanx.  It  is  attached  to 
the  second  and  third  phalanges  in  the  following  manner  : — Opposite  the  first 
bone  the  tendon  divides  into  three  fasciculi ;  the  central  one  is  much  thmner 
than  the  others,  and  is  inserted  into  the  base  of  the  second  phalanx  ;  the 
two  lateral  parts,  continuing  onwards,  are  joined  together  towards  the 

middle  or  fore  part  of  the  second  phalanx, 
Fig.  183.  and  having  passed  beyond  this,  are  inserted 

into  the  last  phalanx.  On  the  index  and 
little  fingers  the  tendons  are  joined  before 
their  division,  by  the  special  extensor  tendons 
of  those  digits. 

Fig.  183. — Deep  Postekior  Muscles  op  the 
Forearm.  ^ 

a,  posterior  surface  of  the  humerus  above  the 
olecranon  fossa ;  b,  upper  and  back  part  of  the 
olecranon  ;  c,  outer  and  back  part  of  the  middle 
of  the  radius  ;  d,  lower  part  of  the  ulna,  grooved  for 
the  tendon  of  the  extensor  carpi  ulnaris  ;  e,  base  of 
the  second  metacarpal  bone  ;  1,  anconeus  muscle ;  2, 
surface  of  the  flexor  digitorum  profundus,  exposed 
by  the  removal  of  the  aponeurotic  tendon  of  the  flexor; 
8,  carpi  ulnaris  ;  4,  extensor  carpi  radialis  brevier, 
and  5,  the  cut  tendon  of  the  extensor  carpi  radialis 
longior,  both  descending  to  their  insertion  at  e, 
into  the  second  and  third  metacarpal  bones  ;  6, 
extensor  ossis  metacarpi  pollicis ;  6',  its  insertion 
into  the  first  metacarpal  bone  ;  7,  extensor  primi 
internodii  pollicis  ;  7',  its  insertion  into  the  base  of 
the  first  phalanx  ;  8,  extensor  secundi  internodii 
pollicis  ;  8',  its  insertion  into  the  base  of  the  last 
phalanx  ;  9,  extensor  indicis ;  9',  its  junction  with 
the  tendon  of  the  common  extensor,  which  is  cut 
short  :  in  the  metatarsal  spaces  the  four  dorsal 
interossei  muscles  are  represented,  the  tendons  of 
the  common  extensor  having  been  removed  ;  and  at 
10,  the  insertion  of  the  second  and  third  dorsal 
interossei,  by  a  triangular  expansion,  into  the  tendon 
of  the  extensor  communis,  as  well  as  the  mode  of 
insertion  of  that  tendon  into  the  middle  and  last 
phalanges,  are  shown. 

On  the  back  of  the  hand  the  tendon  of  the 
ring-finger  gives  off  two  processes,  one  on 
each  side,  which  pass  obliquely  downwards 
to  join  the  tendons  of  the  middle  and  little 
fingers :   in   consequence  of  this  arrange- 
ment it  follows  that  if  those  two  fingers  be 
flexed,  the  tendon  to  the  ring-finger  is  held 
downwards,  and  it  becomes  impossible  to 
extend  that  finger  by  the  action  of  the  muscle. 
The  tendon  of  the  index  finger  is  only  united 
to  that  of  the  middle  finger  by  a  loose,  transverse,  semitransparent  band  of 
fibres,  and  is  free  in  its  action.    A  synovial  membrane  invests  the  tendons 
of  this  muscle  as  they  pass  under  the  annular  ligament. 

The  extensor  minimi  digiti  is  a  slender  muscle  which  is  placed  between  the 
extensor  communis  digitorum  and  the  extensor  carpi  ulnaris,  and  arises  by 
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means  of  a  thiu  tondon  in  common  with  the  extensor  communis.  The 
tendon  in  which  it  ends  occupies  a  groove  between  the  radius  and  ulna, 
passing  through  a  ring  in  the  annular  ligament  appropriated  to  itself,  and 
joins  the  fourth  digital  tendon  of  the  common  extensor. 

The  extensor  carpi  iibiaris,  the  most  internal  of  the  muscles  descending  on 
the  back  of  the  forearm,  arises  from  the  external  condyloid  eminence  of  the 
humerus  by  the  common  tendon  and  from  a  prolongation  of  that  structure  ; 
from  the  posterior  border  of  the  ulna,  below  the  anconeus,  for  about  the 
middle  third  ;  and  from  the  fascia  of  the  forearm.  The  muscular  fibres 
derived  from  these  sources  incline  somewhat  inwards,  and  end  in  a  tendon, 
which  runs  through  a  special  groove  in  the  carpal  end  of  the  ulna  and  a 
separate  sheath  in  the  annular  ligament,  and  is  inserted  into  the  base  of  the 
metacarpal  bone  of  the  little  finger  on  its  posterior  aspect. 

The  deep-seated  muscles  on  the  back  of  the  forearm  are  five  in  number, 
the  supinator  brevis,  the  three  extensors  of  the  thumb  and  the  extensor 
of  the  index  finger. 

The  supinator  brevis  arises  from  the  external  lateral  ligament  of  the  elbow- 
joint,  and  from  the  annular  ligament  of  the  radius  ;  also  from  a  rough 
depression  below  the  sigmoid  cavity  of  the  ulna,  and  from  the  outer  border 
of  that  bone  for  two  inches.  The  fibres  of  the  muscle,  derived  from  these 
points  of  attachment,  as  well  as  from  a  tendinous  expansion  on  the  surface, 
pass  obliquely  round  the  upper  part  of  the  radius,  covering  it  closely  except 
at  the  inner  side,  and  are  inserted  into  that  bone  for  rather  more  than  a 
third  of  its  length,  passing  down  to  the  upper  margin  of  the  insertion  of 
the  pronator  teres. 

The  posterior  interosseous  nerve  passes  through  the  fibres  of  this  muscle. 


The  extensoi-  ossis  metacarpi  pollicis  (abductor  longus  pollicis, — Alb.) 
arises  from  an  elongated  depression  on  the  radial  side  of  the  posterior 
surface  of  the  ulna  below  the  origin  of  the  supinator  brevis,  from  a  similar 
extent  of  surface  of  the  radius  below  the  insertion  of  the  same  muscle,  and 
from  the  interosseous  membrane  between.  Thence  descending  obliquely 
outwards  it  ends  in  a  tendon,  which  passes  in  company  with  the  extensor 
primi  intemodii  pollicis  through  the  groove  on  the  outer  border  of  the 
lower  extremity  of  the  radius,  and  is  inserted  into  the  base  of  the  meta- 
carpal bone  of  the  thumb. 

The  upper  part  of  this  muscle  is  concealed  by  the  common  extensor,  but  it  becomes 
superficial  beneath,  and  together  with  the  next  muscle  crosses  the  tendons  of  the 
radial  extensors  of  the  carpus,  conceals  the  insertion  of  the  supinator  longus  and 
beneath  the  extremity  of  the  radius,  crosses  the  radial  artery.  '  ' 


The  extensor  primi  internodii  pollicis  (extensor  minor  pollicis  —Alb  ) 
lies  close  to  the  lower  border  of  the  extensor  ossis  metacarpi,  and  is  much 
smaUer  than  that  muscle  ;  it  arises  from  the  interosseous  ligament  and  the 
radms  near  the  middle  of  the  forearm ;  its  tendon  accompanies  that  of  the 
extensor  ossis  metacarpi  through  the  same  compartment  of  the  annular 
ligament,  and  passes  on  to  be  inserted  into  the  proximal  end  of  the  first 
phalanx. 

The  extensor  secundi  vnt&rnodii  pollicis  (extensor  major  poUicis  —Alb  ) 
much  larger  than  the  extensor  primi  intemodii,  which  it  overlaps,  arises 
immediately  below  that  muscle  from  the  lower  half  of  the  shaft  of  the  ulna 
and  from  the  interosseous  ligament  at  its  lower  end  for  about  an  inch  iZ 
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fibres  end  In  a  tendon,  which  occupies  the  narrow  oblique  groove  in  the 
middle  of  the  posterior  surface  of  the  carpal  end  of  the  radius,  and  fs  bound 
down  in  a  separate  compartment  of  the  annular  ligament;  it  is  inserted 
into  the  base  of  the  terminal  phalanx  of  the  thumb. 

The  groove  which  lodges  the  radial  extensors  of  the  carpus  intervenes  between 
S  the'thutr^'  °^  """^       tendons  of  the  otLr  extensors 

A  part  of  the  tendon  of  the  extensor  ossis  metacarpi  is  often  found  to  terminate  in 
the  upper  end  of  the  abductor  pollicis.  The  extensor  primi  intemodii  is  not  unfre- 
quently  umted  with  the  extensor  of  the  metacarpal  bone,  only  a  slender  tendinous 
filament  reaching  the  first  phalanx.  A  portion  of  the  extensor  secundi  internodii  has 
been  found  attached  to  the  first  phalanx. 


^'S-  18^-  Fig.  184.— Superficial  Mus- 

cles AND  Tendons  on  tjie 
Back  op  the  Wrist  and 
Hand  (After  Bourgery).  J 

The  posterior  annular  liga- 
ment of  the  wrist  is  represented. 
1,  lower  part  of  the  extensor  ossis 
metacarpi  pollicis  ;  1',  its  inser- 
tion ;  2,  extensor  primi  inter- 
nodii pollicis  ;  2',  its  insertion ; 
3,  3',  tendon  of  the  extensor  se- 
cundi internodii  pollicis ;  4, 
lower  part  of  the  extensor  com- 
munis digitorum,  before  passing 
below  the  posterior  annular 
ligament;  4',  slip  of  this  tendon 
descending  on  the  dorsum  of 
the  middle  finger,  where  it  re- 
ceives the  insertion  of  the  se- 
cond and  third  dorsal  inter- 
ossei ;  4",  division  of  the  tendon 
into  three  portions,  of  which  the 
median  is  inserted  into  the 
second  phalanx,  the  two  lateral 
passing  on  to  be  inserted  into 
the  terminal  phalanx;  the 
union  of  the  tendons  of  the 
third,  fourth,  and  fifth  fingers  is 
shown ;  the  slighter  union  which 
frequently  exists  between  the 
tendons  of  the  second  and  third 
fingers  is  not  represented  in 
the  figure ;  5,  extensor  minimi 
digiti ;  5',  its  junction  with  the 
sUp  of  the  common  extensor; 
6,  placed  on  the  lower  end  of  the  ulna,  points  to  the  extensor  cai-pi  ulnaris ;  6',  insertion 
of  this  muscle  into  the  base  of  the  fifth  metacarpal  bone  ;  7,  part  of  the  flexor  carpi  ulnaris ; 
8,  placed  on  the  os  magnum,  points  to  the  insertion  of  the  extensor  carpi  radialis  brevior ; 
8',  placed  on  the  base  of  the  second  metacarpal  bone,  points  to  the  insertion  of  the 
extensor  carpi  radialis  longior  ;  9,  tendon  of  the  extensor  indicis,  emerging  from  below  the 
annular  ligament,  to  pass  towards  the  index  finger;  10,  small  part  of  the  adductor 
pollicis,  and  deep  head  of  the  flexor  brevis  pollicis ;  11,  first  dorsal  interosseous  or  abductor 
indicis  :  in  the  other  three  interosseous  spaces  are  seen  in  succession  from  the  radial  side 
inwards  the  insertion  of  the  first  palmar,  second  dorsal,  third  dorsal,  second  palmar, 
fourth  dorsal,  and  third  palmar  interossei  muscles  ;  12,  abductor  minimi  digiti. 


The  extensor  indicis  (indicator)  arises  from  the  posterior  surface  of  the 
ulna  for  three  or  four  inches  below  the  middle.    The  tendon  passes  with 
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tlio  common  extensor  through  a  compartment  of  the  annular  ligament, 
comes  in  contact  with  the  tendon  from  that  muscle  destined  for  the  index 
finger,  and  miitea  with  it  to  form  the  expansion  already  described. 

Fig.  185.— Transverse  Section  op  iHERiani 
Hand  between  tub  Carpds  and  Meta- 
carpus, snowma  the  anterior  Annular 
Ligament  op  the  Carpus,  and  the  places 

OF  THE  VARIOUS  EXTENSOR  AND  FlEXOR  TeN- 
DONS,  SEEN  FROM  TUB  DISTAL  SIDE.  i 

This  figure  is  also  designed  to  show  the 
transverse  arch  formed  by  the  second  row 
of  ciirpal  bones.  a,  metacarpal  articular 
surface  of  the  trapezium  for  the  metacarpal 
bone  of  the  thumb  ;  a',  palmar  ridge  of  the 
trapezium  ;  i,  articular  surface  of  the  trape- 
zoid bone  for  the  second  metacarpal  bone  ;  c, 
the  surfiice  of  the  os  magnum  for  the  middle 
metacarpal ;  d,  the  surface  of  the  unciform  for  the  fourth,  and  e,  that  for  the  fifth 
metacarpal  bone ;  e',  unciform  process  ;  between  a'  and  e',  the  cut  edge  of  the  annular 
ligament  is  represented,  the  ends  attached  to  the  projecting  parts  of  these  bones,  and 
sending  another  process  towards  the  trapezium  at  11,  by  which  the  tendon  of  the  flexor  carpi 
radialis  is  enclosed  in  the  groove  of  the  trapezium  ;  1 ,  tendon  of  extensor  ossis  metacarpi 
poUicis ;  2,  extensor  primi  internodii ;  3,  extensor  secundi  internodii  ;  4,  extensor 
indicia  ;  5  and  6,  long  and  short  radial  extensors  of  the  carpus  ;  7,  the  four  divisions 
of  the  tendon  of  the  common  extensor  of  the  fingers,  the  middle  two  belong  to  the  third 
and  fourth  fingers  ;  8,  extensor  minimi  digiti ;  9,  extensor  carpi  ulnaris  ;  10,  flexor 
carpi  radialis  ;  11,  flexor  longus  pollicis  ;  12,  marks  a  point  between  the  four  divisions 
of  the  flexor  superficialis  digitorum  ;  13,  the  same  of  the  flexor  profundus;  14,  the 
median  nerve  ;  15,  points  to  the  middle  of  the  cut  margin  of  the  palmar  aponeurosis 
stretched  across  the  annular  ligament ;  16,  the  fibres  of  the  palmaris  brevis  muscle  j  17, 
cut  surface  of  the  muscles  of  the  ball  of  the  thumb  ;  18,  muscles  of  the  little  finger. 


Fig.  185. 


MUSCLES  OF  THE  HAND. 

Besides  the  tendons  of  the  long  muscles  and  the  lumbricales  already 
described,  there  are  placed  in  the  hand  one  superficial  muscle  called 
palmaris  brevis,  the  short  muscles  of  the  thumb  and  little  finger,  and  the 
interossei  muscles. 

The  palmwris  brevis  is  a  thin  flat  subcutaneous  muscle,  which  arises  from 
the  inner  margin  of  the  palmar  fascia  and  annular  ligament ;  its  fibres  pro- 
ceed transversely  inwards,  and  are  inserted  into  the  skin  along  the  inner 
border  of  the  palm. 

The  palmaris  brevis  crosses  the  muscles  of  the  little  finger  and  covers  the  ulnar 
artery  and  nerve.  It  is  subject  to  considerable  variation  in  its  breadth  and  thickness 
consisting  sometimes  of  only  a  few  scattered  fibres.  ' 


Muscles  of  the  Thumb.— The  fleshy  mass  which  forms  the  thenar 
prominence,  or  ball  of  the  thumb,  consists  of  four  muscles. 

The  abductor  pollicis  (abductor  brevis  pollicis, — Alb.),  superficial  and 
flat,  arises  from  the  annular  ligament  and  from  the  ridge  of  the  os  trapezium 
and,  proceeding  outwards  and  forwards,  is  inserted  by  a  tendon  into  the 
radial  border  of  the  first  phalanx  of  the  thumb  at  its  base. 

The  opponens  pollicis,  placed  behind  the  abductor,  arises  from  the 
annular  ligament  and  from  the  os  trapezium  and  its  ridge,  and  is  inserted 
into  the  whole  length  of  the  metacarpal  bono  of  the  thumb  at  the  radi-il 
border. 
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flexor  brevis  pollicis  arises  by  two  heads,  a  superficial  and  a  deep. 
Liperficial  head  is  attached  to  the  outer  two-thirds  of  the  aunular 


Fig.  136. 


Fig.  186. — Muscles  and  Tendons  op  the 

PALMAR  ASPECT  OP  TUB  HaND.  ^ 

A  portion  of  the  tendons  of  the  super- 
ficial flexor  has  been  cut  away  to  show  those  of 
the  deep  flexor  and  the  lumbricales.  1 ,  tendon 
of  the  flexor  carpi  radialis,  cut  shoi-t  near 
the  place  where  it  enters  the  canal  in  the 
outer  attachment  of  the  annular  ligament  of 
the  carpus;  2,  tendon  of  the  flexor  carpi 
ulnaris,  inserted  into  the  pisiform  bone  ;  3, 
anterior  annular  ligament  of  the  carpus  ;  4, 
abductor  pollicis ;  6,  opponens  pollicis  ;  C,  6, 
flexor  brevis  ;  7,  adductor  pollicis  ;  8,  abduc- 
tor minimi  digiti  ;  9,  flexor  brevis  minimi 
digiti;  10,  lumbricales,  passing  to  their  in- 
sertion on  the  radial  side  of  the  four  fingers. 

ligament  and  to  the  os  magnum  :  the 
deep  head  is  attached  to  the  os  tra- 
pezoides  and  os  magnum,  to  the  sheath 
of  the  flexor  carpi  radialis  and  to  the 
bases  of  the  second  and  third  meta- 
carpal bones.  From  the  superficial  and 
deep  heads  of  origin  two  strong  masses 
of  fibres  which,  becoming  tendinous,  are 
attached  to  the  outer  and  inner  sesamoid 
bones  respectively,  and  are  inserted  into 
the  sides  of  the  base  of  the  first  pha- 
lanx of  the  thumb  ;  the  outer  head  is 
also  joined  by  a  considerable  fasciculus 
from  the  deeper  origin  ;  the  inner  head 
is  inserted  conjointly  with  the  adductor 
pollicis.  The  two  tendons  of  insertion, 
with  the  sesamoid  bones,  play  over  the 

Fig.  187. — Deep  Muscles  op  the  Palm  of 
THE  Hand.  % 

The  abductor  pollicis  and  abductor  minimi 
digiti,  together  with  the  anterior  annular 
ligament  and  the  long  flexor  tendons  in  the 
palm,  have  been  removed  ;  in  the  forefinger 
the  tendons  of  both  the  superficial  and  deep 
flexors  remain  ;  in  the  other  fingers  the  tendons 
of  the  superficial  flexor  have  been  removed. 
1,  pronator  quadratus  muscle;  2,  opponens 
pollicis  ;  3,  flexor  brevis  pollicis  ;  4,  adductor 
pollicis  ;  5,  opponens  minimi  digiti  ;  6,  unci- 
form bone ;  7,  8,  interosseous  muscles. 


grooved  surfaces  of  the  first  metacarpal  bone.  The  tendon  of  the  long 
flexor  lies  between  the  heads  of  origin,  and  grooves  the  surface  of  the 
muscle  as  it  passes  between  the  tendons  of  insertiou. 

The  adductor  pollicis  arises  from  the  anterior  two-thirds  of  the^  palmar 
surface  of  the  metacarpal  bone  of  the  middle  finger,  and  is  inserted  into  the 
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base  of  the  first  phalanx  of  the  thumb  along  with  the  inner  tendon  of  the 
short  flexor. 

Muscles  op  the  little  finger. — The  fleshy  mass  at  the  inner  border  of 
the  hand  {hypothenar  prominence)  consists  of  three  muscles  passing  to  the 
little  finger. 

The  abductor  minimi  digiti  arises  by  tendinous  fibres  from  the  pisiform 
bone  and  the  inserted  tendon  of  the  flexor  carpi  uluaris,  and  is  inserted 
into  the  base  of  the  fii'st  phalanx  of  the  little  finger  on  the  ulnar  border. 

The  flexor  brevis  minimi  dif/iti,  separated  at  its  origin  from  the  abductor 
muscle  by  a  small  interval  through  which  pass  the  deep  palmar  branch  of  the 
ulnar  nerve  and  the  communicating  branch  of  the  ulnar  artery,  arises  from 
the  front  of  the  annular  ligament,  and  from  the  tip  of  the  hooked  process 
of  the  unciform  bone,  and  is  inserted  into  the  base  of  the  first  phalanx  of 
the  little  finger,  in  connection  with  the  preceding  muscle.  This  muscle  is 
sometimes  absent,  or  becomes  incorporated  with  the  abductor. 

The  opponens  minimi  dicjiti  (adductor  ossis  metacarpi  digiti  minimi, — Alb.) 
arises  from  the  annular  ligament  and  the  unciform  process,  and  is  inserted 
into  the  ulnar  border  of  the  fifth  metacarpal  bone  in  all  its  length. 
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Fig.  188.— The  Right  Hand  from  behind,  showing  the  Doksal  Interosseous 

Muscles.  | 

The  tendons  of  the  extensor  muscles  have  been  removed  as  far  as  the  distal  ends 
oi  the  metacarpal  bones.  1,  2,  3,  and  4,  the  interossei  muscles,  in  order  from  the  radial 
side  inwards  ;  their  expanded  insertion  in  connection  with  the  extensor  tendons  is  shown 
upon  the  first  phalanges.  ' 

Fig.  189.— The  Right  Hand  fbom  before,  showing  tue  Palmar  Interossei 

Muscles,  f 

1,  2,  and  3,  refer  to  the  first,  second,  and  third  palmar  interosseous  muscles. 
The  interosseous  muscles  occupy  the  intervals  between  the  metacarpal 
bones.  They  are  seven  in  number,  aU  of  them  more  or  less  visible  from  the 
palmar  aspect,  and  they  are  divided  into  two  sets,  viz.,  those  which  are  best 
seen  on  the  dorsal  aspect  of  the  metacarpus,  and  those  which  ai-e  seen  only 
in  the  palm.  Their  disposition  is  most  easily  understood  by  reference  to 
their  action. 

Q  2 
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The  dorsal  intcrossei  muscles  separate  the  fingers  from  the  middle  liuo  of 
the  hand  ;  they  are  four  in  number,  each  occupying  one  of  the  spaces  between 
the  metacarpal  bones.  They  are  named  numerically  from  without  inwards. 
Each  muscle  arises  from  both  the  metacarpal  boues  between  which  it  ia 
placed,  but  most  extensively  from  that  supporting  the  finger  upon  which  it 
acts,  and  the  fibres  converge  pennately  to  a  common  tendon  in  the  middle. 
Each  terminates  in  a  tendon,  which  is  inserted  partly  into  the  base  of  the 
first  phalanx,  and  partly  into  the  tendon  of  the  common  extensor  muscle 
on  the  dorsum  of  the  same  part  of  the  finger.  Two  dorsal  interossei  are 
inserted  into  the  middle  finger  and  draw  it  to  either  side  ;  of  the  remaining 
muscles  one  passes  to  the  radial  side  of  the  index-finger,  and  the  other 
to  the  ulnar  side  of  the  ring-finger  ;  they  withdraw  those  fingers  from  the 
middle  line  of  the  hand. 

The  first  dorsal  interosseous  muscle  or  abductor-i7idicis  is  larger  than  the 
others  ;  its  outer  and  larger  head  of  origin  arises  from  the  proximal  half  of 
the  ulnar  border  of  the  first  metacarpal  bone,  the  inner  is  attached  to  the 
whole  length  of  the  second  metacarpal  bone,  and  between  these  heads  there  is 
left  superiorly  an  interval  wider  than  in  the  other  dorsal  interosseous  muscles. 

Between  the  heads  of  the  abductor  indicis  the  radial  artery  passes  forwards  to  the 
palm  of  the  hand;  between  those  of  the  other  dorsal  interossei  small  perforating 
arterial  branches  are  transmitted. 

The  three  palmar  interossei  are  adductors,  drawing  the  index,  ring,  and 
little  fingers  towards  the  middle  line  of  the  hand.  They  are  visible  only 
from  the  palmar  aspect  of  the  hand,  each  one  being  attached  to  the  metacarjjal 
bone  of  the  finger  on  which  it  acts :  they  terminate,  like  the  dorsal  muscles, 
in  small  tendons  inserted  partly  into  the  base  of  the  first  phalanx  at  the 
side,  and  partly  into  the  extensor  tendon.  The  first  palmar  interosseous 
muscle  belongs  to  the  ulnar  side  of  the  index-finger  ;  the  others  are  placed 
on  the  radial  sides  of  the  ring  and  little  fingers. 

The  interosseous  muscles  are  subject  to  some  variation  in  their  number  and  form. 
An  additional  palmar  interosseous  muscle,  going  to  the  dorsal  aponeurosis  of  the 
thumb,  is  described  as  frequent  by  Henle  and  Wood.  (See  J.  Wood,  "  On  some 
varieties  in  Human  Myology,"  in  the  Proc.  of  the  Eoy.  Soc.  for  1864,  p.  302.) 


ACTIONS  OF  THE  MPSCLES  OP  THE  FOREAKM  AND  HAND. 

The  muscles  of  the  forearm  may  be  distinguished  according  to  their  actions  as 
pronators  and  supinators,  flexors  and  extensors  of  the  wrist,  and  long  flexors  and 
extensors  of  the  fingers :  those  of  the  hand  are  flexors,  adductors,  abductors, 
opposers,  and  partially  also  extensors  of  the  fingers. 

Pronation  is  efl"ected  by  the  pronator  quadratus  and  pronator  teres :  the  flexor 
carpi  radialis  also  contributes  slightly  to  this  movement.  The  pronator  teres  is  fitted 
to  flex  the  elbow  when  pronation  has  been  completed,  or  when  it  is  prevented  by  anta- 
gonistic muscles.  ,     .      mi        •    i  i 

Supination  is  eff-ected  principally  by  the  supinator  brevis.  The  supinator  longus 
is  not  so  advantageously  situated  to  accomplish  this  action;  it  is  principally  n  flexor 
of  the  elbow,  acting,  however,  only  after  that  movement  has  been  begun  by  the 
instrumentality  of  other  muscles :  in  the  extended  and  supinated  condition  of  the 
forearm  it  assists  in  binding  the  radius  more  firmly  to  the  humerus. 

Flexion  of  the  wrist  is  produced  by  the  radial  and  ulnar  flexors  of  the  c^Pus.  and 
is  aided  by  the  flexors  of  the  fingers  when  the  action  of  those  muscles 
is  either  completed,  or  is  opposed  by  any  resistance,  as  when  the  over-extended  hand 
is  pressed  against  a  surface  in  pushing,  or  in  the  support  of  the  body 

Extension  of  the  wrist,  in  a  similar  manner,  is  accomplished  not  ^fy^l^'lJ^^'^^ 
muscles  specially  devoted  to  that  function,  but  also  by  the  ^^t,^';^"^ 

The  flexors  arising  from  the  inner  condyloid  eminence  of  the  liumeius,and  tlie 
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extensors  arising  from  the  outer  condyloid  eminence,  are  most  advantageously  situated 
for  acting  on  the  otlicr  joints  over  wliicli  they  pass,  when  the  position  of  the  elbow 
joint  is  such  as  to  keep  them  most  on  the  stretch ;  but  when  flexion  of  those  other 
joints  is  either  completed  or  opposed,  they  have  also  some  cflfect,  though  not  great 
upon  the  elbow  joint  itself. 

The Jlexores  suhlimis  and  profundus  and  the  lumbricales  muscles  are  the  flexors 
respectively  of  the  second,  third,  and  first  phalanges.  The  lumbricales,  while  they 
flex  the  first  phalanx,  at  the  same  time,  by  virtue  of  their  connection  with  the  extensor 
tendons,  extend  the  other  phalanges,  thus  causing  the  fingers  to  pass  through  the 
movement  which  they  undergo  in  making  the  hair-stroke  in  writing.  They  are 
assisted  in  this  action  by  the  interossei. 

When  the  thumb  is  opposed  to  the  other  fingers,  the  metacarpal  bone  is  drawn 
forwards,  not  only  by  the  opponens  muscle,  but  also  by  the  abductor,  and  by  the  flexor 
brevis,  acting  when  the  first  phalanx  is  flexed,  or  when  it  is  fixed  by  the  extensor 
primi  internodii.  The  precise  action  of  the  abductor  is  to  draw  the  thumb  forward.'? 
and  outwards.  The  extensor  ossis  metacarpi  is  entirely  an  abductor,  as  indicated  by 
the  name  given  to  it  by  Albinus.  The  extensor  primi  internodii  likewise  is  an 
abductor  as  well  as  an  extensor  of  the  first  phalanx.  The  extensor  secundi  internodii 
extends  both  phalanges  and  draws  the  metacarpal  bone  directly  backwards.  The 
adductor  and  the  inner  fibres  of  the  flexor  brevis  adduct  the  thumb.  A  combination 
of  the  actions  of  the  different  muscles  in  succession  produces  circumduction. 

The  little  finger  is  withdrawn  from  the  others  by  its  abductor,  as  the  ring-finger  is 
withdrawn  from  the  middle  finger  by  the  fourth  dorsal  interosseous  muscle ;  and  the 
abductor  acting  with  the  long  flexors  likewise  assists  the  flexor  brevis  in  keeping  the 
first  phalanx  firmly  down  in  grasping. 

'the pcdmaris  longus  h&s,  but  little  action,  and  that  is  exerted  in  tightening  the 
palmar  fascia.  The  ^a?mans  6?"eris  increases  the  hollow  of  the  hand  by  pulling  on 
the  integument  on  the  inner  side,  so  as  to  increase  the  hypothenar  prominence. 

FASOIiE  OP  THE  UPPER  LIMB, 

The  superficial  fascia  covering  the  muscles  whicli  pass  from  th.e  trunk  to 
the  shoulder  and  upper  limb,  forms  a  complete  investment  of  the  upper  part 
of  the  trunk,  being  continuous  with  that  of  the  neck  superiorly,  and  with 
those  of  the  abdomen  and  hip  inferiorly,  and  extending  from  the  shoulder 
and  over  the  arm,  forearm  and  hand,  so  as  to  cover  the  whole  limb.  In  the 
subcutaneous  tissue  of  the  upper  limb  bursfe  are  usually  found  placed  over 
the  acromion,  the  olecranon,  and  the  knuckles. 

The  superficial  fascia  of  the  pectoral  region  encloses  the  mammary 
gland,  covering  it  both  in  front  and  behind,  and  sending  .strong  septa  in 
between  its  lobes.  Processes  likewise  extend  from  the  investment  of  the 
gland  between  the  masses  of  fat  forwards  to  the  skin  and  nipple,  and  these, 
from  the  support  which  they  aflford  to  the  gland,  have  been  named  by  Sir 
A.stley  Cooper  ligamenta  siispensoria.  ("  On  the  Anatomy  of  the  Breast  " 
London,  1840.) 

The  superficial  fascia  of  the  arm  is  most  distinct  opposite  the  bend  of  the 
elbow,  where  the  superficial  veins  contained  within  its  lamiuce  are  numerous 
and  large.  In  the  palm  of  the  hand,  on  the  contrary,  the  subcutaneous 
tissue  forms  a  firm  connecting  medium  between  the  skin  and  a  stroucr 
aponeurosis  named  the  palmar  fascia  :  it  consists  of  a  network  of  fibres 
passing  between  those  two  structures,  dividing  the  subcutaneous  fat  into 
small  granules,  so  as  to  prevent  the  skin  from  shifting  to  any  considerable 
extent. 

Of  the  deep  fascia  the  following  parts  require  special  notice.     The  costo- 
coracoid  mernbrane  is  a  distinct  layer  of  firm  fascia  whoso  strongest  fibres 
clistmguished  sometimes  as  the  costo-coracoid  ligament,  extend  from  the 
coracoid  process  to  the  first  rib  at  the  origin  of  the  subclavius  muscle,  and 
which  conceals  that  muscle  from  view.    Superiorly  it  is  attached  to  the 
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clavicle  ;  inferiorly  it  is  naiTowed  like  a  funnel,  and  becomes  thinner  as  it 
descends  upon  the  surface  of  the  axillary  vessels,  forming  the  anterior  part 
of  the  sheath  of  those  vessels,  while  the  posterior  part  is  formed  by  a  deep 
process  of  the  cervical  fascia. 

The  axillary  fascAa  is  a  strong  membrane  stretched  across  the  axilla,  and 
so  disposed  as  to  maintain  the  skin  in  position  across  that  hollow.  Beneath 
the  pectoralis  major  muscle  is  a  layer  of  fascia  attached  to  the  chest  in  front 
of  the  costo-coracoid  membrane  :  it  divides  into  two  layers  to  inclose  the 
pectoralis  minor,  and  these  reuniting,  it  continues  to  pass  outwards,  forming 
a  strong  membrane  in  the  angle  between  the  pectoralis  minor  and  short  head 
of  the  biceps  muscle  ;  lower  down  it  is  joined  by  the  superficial  investment 
of  the  pectoralis  major,  -which  is  folded  round  the  margin  of  that  muscle,  and 
thus  strengthened,  it  slopes  outwards  and  backwards  to  the  inferior  border 
of  the  scapula,  where  it  is  joined  by  the  sheaths  of  the  latissimus  dorsi 
and  teres  major  muscles.  The  deepest  hollow  of  the  axillary  fascia  is  formed 
where  the  layer  from  the  surface  of  the  pectoralis  major  joins  that  from  the 
pectoralis  minor  ;  and  in  that  part  especially  it  is  perforated  by  numerous 
lymphatics.  At  the  angle  occupied  by  the  large  vessels  and  nerves  of  the 
limb,  it  is  continuous  with  the  sheath  of  the  vessels  and  with  the  aponeu- 
rosis of  the  arm.  The  density  of  this  fascia  offers  a  considerable  obstacle  to 
the  progress  outwards  of  axillary  abscesses. 

The  aponeurosis  of  the  iipper  limh  is  a  strong  sheath  which  binds  together 
all  the  muscles  of  the  arm  and  forearm.  A  strong  and  somewhat  isolated 
portion,  bound  down  to  the  vertebral  and  axillary  margins  and  to  the  lower 
border  of  the  spine  of  the  scapula,  covers  the  infraspinatus  and  teres  minor 
muscles  as  far  as  they  are  left  uncovered  by  the  deltoid  muscle.  On  reaching 
the  posterior  border  of  the  deltoid  muscle,  this  aponeurosis  divides  into  two 
layers,  of  which  the  deeper  is  continued  beneath  the  deltoid  to  the  shoulder- 
joint,  and  the  more  superficial  forms  a  thin  aponeurosis  covering  of  that 
muscle,  becoming  more  and  more  slender  as  it  passes  forwards. 

The  aponeitrosis  of  the  arm  is  composed  chiefly  of  transverse  fibres,  held 
together  by  others  having  an  oblique  or  longitudinal  direction  ;  it  is  thin  over 
the  biceps  muscle,  stronger  where  it  covers  the  triceps,  and  particularly 
dense  as  it  approaches  the  outer  and  inner  condyloid  eminences  of  the 
humerus.  It  is  pierced  on  the  inner  side  of  the  limb  by  the  basilic  vein, 
at  some  distance  below  the  axilla.  It  is  attached  to  the  shaft  and  condyloid 
eminences  of  the  humerus  by  the  two  processes  next  to  be  described. 

The  external  and  internal  intermuscular  septa  are  two  fibrous  partitions 
which  bind  the  aponeurosis  of  the  arm  to  the  humerus,  and  with  which  the 
neighbouring  muscles  of  the  arm  are  intimately  connected.  The  external  inter- 
muscular septum  extends  upwards  from  the  outer  condyloid  eminence  along 
the  outer  lateral  ridge  to  the  insertion  of  the  deltoid,  from  which  it  receives 
tendinous  fibres.  It  is  pierced  from  behind  forwards  by  the  musculo-spiral 
nerve  and  superior  profunda  artery.  The  internal  septum,  much  stronger, 
extends  along  the  ridge  from  the  inner  condyloid  eminence  to  the  insertion 
of  the  coraco-brachialis  muscle.  It  is  traversed  from  before  backwards  by  the 
ulnar  nerve  and  by  the  inferior  profunda  and  anastomotic  arteries. 

At  the  bend  of  the  elbow  the  aponeurosis  is  closely  connected  with  the 
periosteum  covering  the  condyloid  eminences  of  the  humerus  and  the  ole- 
cranon process  of  the  ulna  ;  and  it  is  strengthened  by  tendinous  fibres  sent 
from  the  triceps  and  biceps  muscles.  _  _ 

The  apoimirosis  of  the  forearm,  like  that  of  the  arm,  is  composed  pnncipally 
of  circular  fibres,  strengthened,  however,  by  longitudinal  and  oblique  fibres 
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descending  from  the  condyloid  eminences  of  tlie  humerus,  from  the  ole- 
cranon, and  from  the  superficial  insertion  of  the  biceps  muscle.  It  is 
attached  along  the  subcutaneous  margin  of  the  ulna,  and  may  be  conveniently 
divided  into  an  anterior  and  posterior  part. 

The  anterior  part  of  the  aponeurosis  of  the  forearm  is  much  weaker  than 
the  membrane  on  the  posterior  aspect  of  the  limb.  It  is  continued  below 
into  the  anterior  annuhir  ligament.  In  the  hollow  immediately  below  the 
bend  of  the  elbow,  it  presents  a  small  oval  aperture  for  the  transmission  of 
a  short  communicating  branch  between  the  superficial  and  the  deep  veins  of 
the  forearm.  It  increases  in  density  towards  the  hand  ;  and  a  little  above 
the  wrist  afi"ords  a  sheath  to  the  tendon  of  the  long  palmar  muscle,  which 
passes  over  the  annular  ligament  to  be  inserted  into  the  narrow  end  of  the 
palmar  fascia.  Several  white  lines  seen  on  the  surface  of  the  fascia  mark 
the  positions  of  the  septa  between  the  origins  of  the  muscles  descending 
from  the  inner  condyloid  eminence,  which  are  continuous  with  it.  Between 
the  superficial  and  the  deep  flexor  muscles,  another  layer  of  fascia  is  stretched 
from  side  to  side  ;  it  is  stronger  below  than  above,  where  it  generally 
consists  of  little  more  than  thin  connective  tissue. 

The  anterioi'  annular-  ligament  of  the  carpus,  previously  described  at 
p.  144,  is  continuous  at  its  upper  margin  with  the  fascia  of  the  forearm, 
and  receives  some  fibres  from  the  tendon  of  the  flexor  carpi  ulnaris  :  the 
lower  margin  is  connected  with  a  deep  part  of  the  palmar  fascia,  and  gives 
origin  in  part  to  most  of  the  short  muscles  of  the  thumb  and  little  finger. 
This  structure  may  be  considered  in  some  measure  as  a  developed  portion  of 
the  fascia  of  the  wrist,  and  also  as  a  ligament. 

The  posterior  portion  of  the  aponeurosis  of  the  forearm,  much  thicker  than 
the  anterior,  is  intimately  connected  with  the  strong  septa  between  the 
several  superficial  muscles,  and  sends  off  transversely  a  thin  membrane  to 
separate  the  superficial  from  the  deeper  group  of  muscles.  Approaching  the 
back  of  the  wrist,  the  transverse  fibres  increase  in  number  and  strength,  and 
these  being  stretched  from  the  outer  margin  of  the  radius  on  one  side,  to 
the  cuneiform  and  pisiform  bones  and  the  palmar  fascia  on  the  other, 
constitute  the  posterior  annular  ligament  of  the  carpus  (see  p.  144).  This 
structure  is  attached  not  only  to  the  points  now  indicated,  but  is  likewise 
connected  to  the  several  longitudinal  ridges  on  the  posterior  surface  of  the 
radius,  and  thus  converts  the  intermediate  grooves  into  fibro-osseous  canals 
to  lodge  the  tendons  of  the  extensor  muscles.  There  are  six  separate  spaces 
so  enclosed,  and  each  is  lined  by  a  distinct  synovial  sac.  The  outermost  space 
corresponds  with  the  groove  on  the  outer  side  of  the  radius,  and  gives 
passage  to  the  exten sores  ossis  metacarpi  and  primi  interuodii  poUicis  ;  the 
next  three,  placed  on  the  back  of  the  radius,  give  passage  respectively  to 
the  two  radial  carpal  extensors,  the  extensor  secundi  internodii  pollicis  and 
the  common  extensor  of  the  fingers,  with  the  extensor  indicis  accompanying 
it  ;  between  the  radius  and  ulna  is  the  compartment  for  the  extensor  minimi 
digiti,  and  resting  in  the  groove  on  the  back  of  the  ulna  is  that  for  the 
extensor  carpi  ulnaris. 

On  the  bach  of  the  hand  there  is  only  a  thin  layer  of  fascia  prolonged  from 
the  posterior  annular  ligament  over  the  extensor  tendons,  and  separating 
them  from  the  superficial  veins  and  nerves.  'Beneath  this  are  special  fibrous 
membranes  stretched  over  the  interossei  muscles. 

On  the  palm  of  the  hand  is  the  palmar  fascia,  a  strong  aponeurosis, 
consisting  of  a  central  and  two  lateral  portions.  The  lateral  parts  are  very 
thin  ;  they  afford  a  delicate  but  firm  covering  to  the  muscles  of  the  thumb 
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and  little  finger  respectively.  The  central  portion  is  one  of  tlie  strongest 
fasciae  of  the  body.  Occupying  the  interval  between  the  thenar  and 
hypothenar  eminences  and  expanding  towards  the  fingers,  it  has  a  somewhat 
triangular  or  fan-like  form.  The  narrow  end  of  the  fascia,  thicker  than  any 
other  part,  and  composed  of  close  parallel  fibres,  is  connected  by  its  deep 
surface  with  the  anterior  annular  ligament,  and  is  continuous  superiorly 
■with  the  tendon  of  the  palmaris  longus,  when  that  muscle  is  present  ;  the 
broader  portion,  becoming  thinner  and  flatter  as  it  advances  towards  the 
fingers,  has  a  much  more  irregular  and  interlaced  texture,  and  adheres 
more  closely  to  the  skin  of  the  palm.  Near  the  lower  part  of  the  palm  it 
separates  into  four  processes,  each  of  which  again  subdivides  into  two  slips 
next  the  root  of  a  corresponding  finger  ;  and  the  bundles  of  fibres  thus 
separated,  dipping  one  on  each  side  of  the  flexor  tendons  belonging  to  the 
finger,  are  attached  to  the  margins  of  the  metacarpal  bone  and  to  the  trans- 
verse ligament  which  binds  the  metacarpal  bones  to  each  other.  From  the 
centre  of  each  process  longitudinal  fibres  are  continued  to  the  skin  as  far 
forward  as  the  root  of  the  finger.  These  digital  processes  of  the  palmar 
fascia  are  held  together  by  irregular  transverse  fibres,  which  lie  immediately 
under  the  skin,  and  serve  to  give  great  additional  strength  at  the  points  of 
divergence. 


MUSCLES  OF  THE  TRUNK. 

The  muscles  passing  between  the  trunk  and  the  upper  limb  having  been 
already  described,  those  wliich  belong  exclusively  to  the  trunk  itself  will  now 
be  treated  of  under  the  three  divisions  of,  1.  Dorsal  muscles,  extending 
throughout  the  whole  length  ;  2.  Thoracic  muscles,  including  the 
diaphragm  ;  and  3.  Abdominal  and  Perineal  muscles. 

Dorsal  Muscles  of  the  Trunk  (Muscles  of  the  Back). 

The  muscles  to  be  described  under  the  above  head,  taken  as  a  whole, 
occupy  more  or  less  deeply  the  hollow  between  the  entire  middle  line  of  the 
vertebral  spines  and  the  prominences  formed  towards  the  sides  by  the 
mastoid  processes,  the  transverse  cervical  processes,  the  most  projecting 
parts  of  the  ribs,  and  the  crest  of  the  ilium,  and  they  extend  from  the  superior 
curved  line  of  the  occipital  bone  to  the  lower  part  of  the  sacrum.  Some 
consist  of  comparatively  limited  portions  of  muscular  substance,  and  occupy 
only  certain  parts  of  the  extensive  region  now  referred  to  ;  others  extend 
either  continuously  or  by  the  serial  repetition  of  similar  fasciculi,  through- 
out the  greater  part  of  it.  These  muscles,  together  with  those  in  the  same 
region  which  belong  more  properly  to  the  upper  limb,  have  been  frequently 
described  as  constituting  six  successive  layers  ;  but  the  limits  of  several  of 
these  layers  do  not  present  very  marked  natural  planes  of  separation,  and 
it  will  be  suSicient  for  the  purpose  of  description  to  arrange  those  which 
fall  properly  within  the  present  section,  according  to  the  main  characteristics 
of  their  form  and  position,  into  the  following  groups  :  viz.,  a,  the  posterior 
serrati  muscles  ;  h,  the  splenius  and  long  erectors  of  the  spme  ;  c,  the 
complexus  and  transverso-spiuales ;  d,  the  interspinals  and  mtertrans- 
versales;  e,  the  short  cranio- vertebral  muscles.  Of  these  _  muscles  those 
included  in  the  first  two  groups  may  be  considered  as  having  their  hbres 
passing  outwards  from  the  middle;  those  in  the  third  group  as  _  Laying 
their  fibres  passing  inwards  ;  those  of  the  fourth  gi-oup  as  having  their  fabrcs 
passing  in  a  nearly  vertical  direction  ;  and  those  of  the  fifth  group  confined 
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to  the  upper  part  of  the  vertebral  column  and  to  the  head,  may  be  looked 
upon  as  combining  some  examples  of  the  others. 

Serrati  Muscles. — The  serratus  posticus  superior  is  a  thin  flat  muscle, 
which  arises  from  the  lower  part  of  the  ligamentum  nuchse  and  from  the 
spines  of  the  last  cervical  and  two  or  three  upper  dorsal  vertebrae  by  a  flat 
tendon  inclining  downwards  and  outwards,  and  forming  about  a  third  of  the 
length  of  the  muscle  ;  it  is  inserted  by  four  fleshy  digitations  into  the 
second,  third,  fourth,  and  fifth  ribs,  a  little  beyond  their  angles.  It  is 
directed  obliquely  downwards  and  outwards,  resting  on  the  deep  muscles 
and  the  angles  of  the  ribs.  The  muscle  is  covered,  excepting  at  its  superior 
border,  by  the  rhomboid  and  levator  anguli  scapulas  muscles. 

The  serratus  posticus  inferior,  broader  and  stronger  than  the  preceding 
muscle,  passes  outwards  and  upwards  to  the  four  lowest  ribs  ;  it  arises, 
by  a  thin  aponeurotic  membrane,  which  forms  part  of  the  posterior  layer  of 
the  lumbar  aponeurosis,  from  the  spinous  processes  and  iuterspinous  liga- 
ments of  the  two  last  dorsal  and  two  or  three  upper  lumbar  vertebrae. 
The  outer  part  of  the  muscle  forms  a  fleshy  lamella  inserted  by  four  digita- 
tions into  the  lower  border  of  the  last  four  ribs.  The  uppermost  of  those 
digitations  is  very  broad,  and  covers  in  part  the  second  ;  the  last,  varying 
in  size  with  the  length  of  the  twelfth  rib,  is  entirely  concealed  by  the  rest 
of  the  muscle.  The  serratus  inferior  is  covered  by  the  latissimus  dorsi,  and 
its  aponeurotic  part  is  firmly  united  for  some  distance  with  the  tendon  of 
that  muscle. 


Fig.  190. 


Fig.  190.— Dorsal  Mns- 
CLES  OP  THE  Upper 
Part  op  the  Trunk.  \ 

I,  first ;  YI,  sixth  dor- 
sal vertebra  ;  1 ,  upper  part 
of  the  complexus  major 
muscle;  2,  splenius  capi- 
tis ;  3,  3',  splenius  colli ; 
4,  serratus  posticus  supe- 
rior ;  5,  upper  part  of  the 
longissimus  dorsi ;  5',  the 
same  continued  up  on  the 
left  side  into  the  transver- 
salisceryicis;  5",  5",  on  the 
right  side  the  transversa- 
lis  cervicis  spread  out 
from  its  attachments  ;  6, 
upper  insertions  of  the 
saero-lumbalis  and  acces- 
sorius  ;  6'  the  same  con- 
tinued up  on  the  left  side 
into  the  ascendens  cer- 
vicis ;  5",  upper,  6",  lower 
end  of  the  ascendens  cer- 
vicis of  the  right  side 
spread  out  from  its  attach- 
ments; 7,  small  part  of 
the  spinalis  dorsi  ;  8, 
right  levator  anguli  sca- 
pulie,  dissected  out  from 
its  attachmeuts ;  8',  on 
the  left  side,  the  upper 
part  of  the  levator  sca- 
pula;, shown  in  its  relation  to  the  splenius  colli ;  9,  three  of  the  lovatores  costarum  shown 
on  the  right  side. 
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Actions.— The  serratus  posticus  superior  elevates  the  upper  ribs,  and  is  therefore  to 
DC  regarded  as  a  muscle  of  inspiration.  The  serratus  inferior  acts  directly  as  a 
depressor  of  the  lower  ribs,  and  may  aid  either  in  expiration  or  inspiration:  in 
expiration  by  acting  ia  concert  with  the  muscles  which  depress  the  higher  ribs  •  in 
inspiration  by  fixing  the  lower  ribs  and  giving  firmness  to  the  origin  of 'the 
diaphragm.  °     o  e> 


Splenitjs. — The  sphnius  muscle  is  so  named  from  its  having  the  form  of 
a  strap,  which  binds  down  the  parts  lying  under  it.  It  is  attached  superiorly 
in  part  to  the  cervical  vertebrae,  in  part  to  the  skull,  and  is  described  ac- 
cordingly under  two  names. 

a.  The  splenius  colli  is  attached  inferiorly  to  the  spinous  processes  of  the 
third,  fourth,  fifth,  and  sixth  dorsal  vertebra,  and  superiorly  along  with  the 
slips  of  the  levator  anguli  scapulae  to  the  transverse  processes  of  the  first  two 
or  three  cervical  vertebrae. 

h.  The  splenius  capitis,  broader  and  thicker  than  the  preceding,  arises 
from  the  spines  of  the  seventh  cervical  and  two  upper  dorsal  vertebrsB,  and 
from  the  ligamentum  nuchae  as  high  as  the  third  cervical  vertebra.  It  is 
inserted  into  the  lower  and  back  part  of  the  mastoid  process,  and  into  the 
outer  part  of  the  superior  curved  line  of  the  occipital  bone. 

The  splenius  is  covered  by  the  trapezius,  the  rhomboid,  and  the  serratus  posticus 
superior ;  and  on  the  cranium  by  the  sterno-mastoid.  It  conceals,  in  part,  the 
complexus  and  trachelo-mastoid. 


Erectoe,  Spinje. — The  erRctor  spinoB  may  either  be  regarded  as  one  large 
composite  muscle,  or  as  consisting  of  seven  distinct  muscles.  Viewed  as 
one  muscle  it  may  be  conveniently  considered  as  formed  of  three  columns, 
of  which  the  inner,  or  that  next  the  spine,  is  comparatively  slender  ;  the 
outer  and  inner  columns  of  the  remaining  thicker  mass  consist  each  of  a 
large  lower  muscle  and  of  two  successive  slender  continuations  in  an  upward 
direction  ;  and  to  all  these  seven  portions,  or  muscles,  distinct  names  have 
been  given. 

The  erector  spinae  takes  origin  inferiorly  as  a  common  mass,  the  outer 
part  of  which  is  muscular,  while  the  inner  and  larger  part  is  tendinous. 
The  muscular  portion  arises  from  the  posterior  fifth  of  the  crest  of  the  ilium ; 
the  tendinous  portion  arises  from  the  back  part  of  the  ilium,  the  lower  and 
back  part  of  the  sacrum,  and  the  sacral  and  lumbar  spines ;  it  is  inseparably 
united  below  with  the  lumbar  aponeurosis,  and  is  prolonged  upwards  on 
the  surface  of  the  muscular  part,  concealing  the  multifidus  spinae.  The 
division  of  the  larger  part  into  an  external  and  internal  column  takes  place 
below  the  level  of  the  last  rib. 

a.  The  ilio-costalis  (Theile)  or  sacro-lumhalis,  the  main  muscle  of  the  outer 
column,  is  fleshy  inferiorly,  springing  from  that  part  of  the  common  origin 
which  proceeds  from  the  crest  of  the  ilium  ;  it  ends  in  a  series  of  tendons 
which  incline  slightly  outwards,  and  are  inserted  one  into  each  of  the  six  or 
seven  lowest  ribs  at  their  angles. 

b.  The  musculus  accessorius  ad  ilio-costalem  {ad  sacro-lumhalem)  is  a  con- 
tinuation of  the  preceding  muscle.  It  arises  by  flat  tendons  from  the  upper 
margins  of  the  lower  six  or  eight  ribs,  internal  to  the  tendons  of  the  ilio- 
costalis,  and  ends  superiorly  by  continuing  the  series  of  those  tendons  to  the 
upper  ribs. 

c.  The  cervicalis  ascendens  consists  of  slips  in  serial  continuation  with 
those  of  the  musculus  accessorius,  taking  origin  from  four  or  five  of  the 
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highest  ribs,  and  inserted  into  the  transverse  processes  of  three  cervical 
vertebrfB,  usually  the  fourth,  fifth,  and  sixth.  Its  insertions  are  intimately 
connected  with  those  of  the  transversalis  cervicis. 

d.  The  loiujissimus  dorsi,  the  main  muscle  of  the  inner  column  of  the 
erector  spinre,  is  both  larger  and  longer  than  the  ilio-costalis,  its  original 
fibres  passing  as  high  as  the  first  dorsal  vertebra.  Internally  it  is  closely 
connected  on  the  surface  with  the  spinalis  dorsi,  from  the  lower  part  of 
which  it  generally  receives  one  or  more  tendinous  slips.  When  those  slips, 
and  the  tendons  of  origin  from  the  lumbar  spines  are  cut  through,  the  inner 
surface  of  the  muscle  can  be  brought  into  view.  The  longissimus  dorsi 
presents  two  series  of  insertions.  The  inner  row  of  insertions  is  a  series  of 
rounded  tendons  attached  to  the  inferior  tubercles  of  all  the  transverse  pro- 
cesses of  the  dorsal,  and  the  accessory  processes  of  the  lumbar  vertebrae. 
The  outer  insertions  form  in  the  dorsal  region  a  series  of  thin  processes 
attached  to  the  nine  or  ten  lowest  ribs,  sometimes  more  or  fewer,  and  in 
the  lumbar  region  are  attached  by  fleshy  slips  to  the  whole  length  of  the 
transverse  processes,  and  beyond  these  to  the  lumbar  fascia  ai'ising  from 
them. 

e.  The  transversalis  cervicis  prolongs  upwards  the  column  of  fibres  of  the 
longissimus  dorsi.  It  arises  from  the  internal  tubercles  of  the  transverse 
processes  of  the  four  or  five  highest  dorsal  vertebrae,  and  occasionally  the 
last  cervical,  and  is  inserted  into  the  transverse  processes  of  five  cervical 
vertebrae  from  the  second  to  the  sixth  inclusive.  It  always  receives  a  slip 
of  the  original  fibres  of  the  longissimus  dorsi. 

/.  The  trachelo-mastoid  muscle,  which  may  be  regarded  as  the  con- 
tinuation of  the  longissimus  dorsi  to  the  head,  arises  in  close  connection 
with  the  transversalis  cervicis  from  the  upper  dorsal  transverse  processes, 
and  also  from  behind  the  articular  processes  of  the  three  or  four  lowest  cervical 
vertebrae,  and  forming  a  thin  flat  muscle,  passes  to  be  inserted  into  the  pos- 
terior margin  of  the  mastoid  process,  under  cover  of  the  splenius  and 
stemo-mastoid  muscles.  It  is  the  only  muscle  which  lies  between  the 
splenius  and  complexus,  and  the  only  portion  of  the  erector-spinae  concealed 
by  the  former. 

g.  The  spinalis  dorsi  is  a  long  narrow  muscle  placed  at  the  inner  side  of 
the  longissimus  dorsi,  and  closely  connected  with  it.  It  arises  by  numerous 
tendons  from  the  spines  of  the  first  two  lumbar,  and  the  two  lowest  dorsal 
vertebrae,  and  is  inserted  into  from  four  to  eight  of  the  higher  dorsal  spines. 
It  adheres  closely  to  the  semispinalis  muscle  upon  which  it  lies. 


Actions.— The  splenii  and  trachelo-mastoid  muscles  of  both  sides  acting  together 
draw  backwards  the  head  and  upper  cervical  vertebrae :  when  the  muscles  of  one  side 
only  act  the  extension  is  accompanied  by  lateral  flexion  and  rotation,  especially  of  the 
head  on  the  axis. 

The  greater  part  of  the  erector  muscles  of  the  spine,  when  those  of  both  sides  are  in 
action,  bends  backwards  the  vertebral  column  and  trunk;  and  these  muscles  co- 
operate powerfully  in  almost  every  great  muscular  effort  of  the  body  or  limbs.  It  is 
the  power  of  these  muscles  to  straighten  the  back  from  the  bent  condition,  of  which  a 
measure  is  obtained  by  the  muscular  dynamometer;  the  amount  of  this  varies  in 
adults  of  medium  strength  from  300  lbs.  to  400  lbs.  By  the  action  of  the  erector 
muscles  of  one  side  a  certain  amount  of  lateral  flexion  and  of  rotation,  which  is 
gi-catest  in  the  chest,  accompanies  the  extension.  These  muscles  also,  by  their  costal 
attachments,  if  the  spine  be  fixed,  depress  the  ribs,  and  thus  assist  in  expiration  ;  but 
it  is  likewise  conceivable  that  the  cervicalis  asccndcns  and  musculus  accessorius  in 
acting  from  fixed  points  above,  may  have  the  effect  of  elevating  the  riba  ' 
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Fig.  191. — View  of  the 
Deep  Muscles  op  tub 
Back,  designed  to 
show  somewoat  dia- 
okammaticallt  thbiil 
Attachments  to  tub 
Veiitebkal  Column  and 
Bibs.  | 

On  the  left  side  the  seve- 
ral partsof  theerectorspinaj 
are  nearly  in  their  natural 
position,  with  the  excep- 
tion of  the  spinalis  dorsi, 
which  is  drawn  out  laterally 
from  tlie  spines  of  the  ver- 
tebrae ;  on  the  right  side 
the  spinalis  dorsi  has  been 
entirely  removed,  the  ilio- 
costalis  drawn  to  the  outer 
side  so  as  to  expose  its 
accessory  muscle,  and  the 
longissimus  removed  except- 
ing small  portions  at  its 
insertions.  Superiorly  on 
the  left  side,  the  trachelo- 
mastoid  and  complexus 
major  are  left  nearly  in 
their  natural  positions, 
while  on  the  right  side,  the 
trachelo-mastoid  has  been 
entirely  removed,  and  the 
complexus  major,  separated 
from  its  occipital  attach- 
ment, has  been  spread  out 
to  the  side  so  as  to  stretch 
its  vertebral  attachments. 

a,  occipital  protuberance  ; 

b,  mastoid  process  ;  c,  bifid 
spinous  process  of  the  axis 
vertebra ;  I,  spinous  pro- 
cess of  the  first  dorsal  ver- 
tebra and  first  rib ;  VI, 
sixth  dorsal  spine  and  trans- 
verse process  and  sixth  rib ; 
XII,  twelfth  dorsal  spine 
and  twelfth  rib.  On  the  left 
side  of  the  figure,  1,  com- 
plexus major  muscle ;  2, 
trachelo-mastoid ;  3,  serra- 
tus  posticus  superior,  de- 
tached from  the  vertebral 
column  and  drawn  upwards 
from  the  ribs  ;  4,  4,  the 
slips  of  attachment  of  the 
serratus  posticus  inferior  to 
the  four  lower  ribs  ;  6,  three 
slips  of  origin  of  the  latis- 
simus  dorsi  from  the  lower 
ribs  ;  5',  iliac  origin  of  the 
same  muscle  ;  6  + ,  common 
origin  of  the  longissimus 
dorsi  and  ilio-costalis 
from  the  ilium  and  sac- 
rum, &c.  ;  6,  upper  part  of 
the  longissimus  dorsi  ;  6', 
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trans  vcrsaliB  corvicis  ooutinueJ  up  from  the  longissimus ;  7,  ilio-costalis  (sacio- 
lumbalis),  drawn  slightly  inwards  to  show  the  slips  of  insertion  into  the  lumbar 
fascia  and  tlie  various  ribs;  inside  the  costal  insertions  are  seen  the  origins  of  the 
accessorius  ;  7',  the  ascendcns  corvicis  continued  upwards  from  the  accessonus;  8,  spinalis 
dorsi  On  the  right  side  6  marks,  in  the  lumbar  region,  the  insertions  of  the  longis- 
simus dorsi  into  the  upper  four  transverse  processes  (the  insertion  into  the  accessory  pro- 
cesses not  being  shown),  in  the  dorsal  region  the  narrower  tendons  of  insertion  into  the 
lower  part  of  the  dorsal  transverse  processes  (the  six  lower  only  are  represented)  ;  6',  the 
scries  of  insertions  into  nine  ribs  ;  7,  the  ilio-costalis  drawn  outwards  ;  7  ,  placed  between 
tlie  lowest  costal  insertion  of  the  ilio-costalis  and  the  lowest  origin  of  the  accessorius  ; 
7"  extension  of  the  ascendens  cervicis  from  the  fifth  rib  towards  the  neck  ;  9,  9,  semi- 
sp'iualis  colli;  10,  10,  semispinalis  dorsi;  11,  11,  lower  dorsal  and  lumbar  parts  of 
the  multifulus  spinas,  which  appears  again  above  the  semispinalis  colli,  above  the  upper 
9  ;  12,  placed  upon  the  eighth  rib,  levatores  costarum,  long  and  short  ;  13,  in  the  upper 
part  of  the  figure  points  by  four  lines  to  the  rectus  capitis  posticus,  rectus  major, 
obliquus  superior  and  oblitiuus  inferior  muscles. 

CoMPiEXTTS  AND  TRANSVERSO-SPiSTALES. — The  muscles  of  the  complicated 
group  comprising  the  complexus,  semispinalis,  and  multifidus  spince.,  present 
the  feature  in  common  of  ascending  with  an  inward  inclination,  and  are 
thus  distinguished  from  those  last  described.  The  most  superficial,  the 
complexus,  not  usually  included  ia  this  group,  but  obviously  resembUng  the 
others,  has  the  longest  and  most  vertical  fibres,  but  is  the  shortest  as  a 
whole,  being  limited  to  the  upper  dorsal  and  the  cervical  region  ;  the  muscle 
beneath  it,  the  semispinalis,  occupies  the  greater  part  of  both  these  regions  ; 
while  the  multifidus  spina},  extending  from  the  sacrum  to  the  axis,  has  the 
shortest  and  most  oblique  fibres. 

The  complexus  {complexus  major)  arises  by  tendinous  points  from  the 
transverse  processes  of  the  seven  highest  dorsal  and  seventh  cervical  vertebrae, 
and  from  the  articular  processes  of  three  other  cervical  vertebrte,  together 
with  the  capsular  ligament  uniting  them  ;  and  it  is  inserted  into  the  large 
internal  impression  between  the  two  curved  lines  of  the  occij)ital  bone.  It 
is  narrower  above  than  below,  and  its  inner  margin  in  the  neck  is  in  contact 
with  the  Ugamentum  nuchie.  Above  the  middle  the  muscle  is  partly  crossed 
by  a  tendinous  intersection.  One  interrupting  tendon  in  particular,  on  the 
inner  side,  is  so  constant  that  the  fibres  connected  with  it,  viz.,  those  ascend- 
ing from  the  three  or  four  lowest  points  of  origin,  are  often  described  sepa- 
rately, under  the  name  of  biventer  cervicis :  this  portion  of  the  muscle  is 
also  frequently  connected  by  a  tendinous  slip  with  one  or  two  of  the  spinous 
processes  belonging  to  the  last  cervical  or  first  dorsal  vertebra. 

The  complexus  muscle  is  covered  by  the  splcnius,  except  at  its  lowest  origins  from 
the  dorsal  vertebrae  and  at  the  internal  portion  of  its  upper  extremity ;  the  trans- 
vcrsalis  cervicis  and  trachelo-mastoid  rest  upon  its  scries  of  origins,  and  the  semi- 
spinalis colli,  the  posterior  recti,  and  the  obliqui  capitis,  together  with  the  deep 
cervical  artery,  are  concealed  by  it. 

The  semisjnnalis  muscle  consists  of  fibres  extending  from  transverse 
processes  to  spines,  each  bundle  crossing  over  about  five  vertebras.  It 
arises  from  the  internal  tubercles  of  the  transverse  processes  of  numerous 
dorsal  vertebr£e,  usually  the  ten  highest,  and  is  inserted  into  spines  from 
the  axis  to  the  fourth  dorsal  vertebra  inclusive.  It  is  described  iu  two 
parts  : — 

a.  The  semispinalis  colli  ia  the  part  under  cover  of  the  complexus.  It 
arises  from  the  upper  five  or  six  dorsal  transverse  processes,  and  is  inserted 
into  spmes  of  cervical  vertebrsQ  from  the  second  to  the  fifth  inclusive  being 
thickest  at  its  insertion  into  the  second  vertebra.  ' 
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b.  The  seimsjnnalis  dorsi,  not  covered  by  the  complexus,  consists  of  small 
muscular  bundles  interposed  between  tendons  of  considerable  length  and 
forms  an  elongated  thin  stratum,  especiaUy  towards  its  lower  border!  It 
arises  from  transverse  processes  of  dorsal  vertebras  from  the  tenth  to  the 
fifth  inclusive,  and  is  inserted  into  the  spines  of  the  last  two  cervical  and 
first  four  dorsal  vertebra. 

The  multifidus  spina,  reaches  from  the  sacrum  to  the  axis  vertebra,  passing 
up  under  cover  of  the  semispinalis,  and  is  much  more  largely  developed 
towards  the  lower  than  the  upper  end  of  the  column.  In  the  sacral  region 
the  fibres  arise  from  the  deep  surface  of  the  tendinous  origin  of  the  erector 
spiua3,  from  the  groove  on  the  back  of  the  sacrum  as  low  as  the  fourth  fora- 
men, from  the  inner  part  of  the  posterior  extremity  of  the  iliac  crest,  and 
from  the  ligaments  between  that  bone  and  the  sacrum  ;  in  the  lumbar 
region  they  take  origin  from  the  mammillary  processes  ;  in  the  dorsal 
region  from  the  transverse  processes  ;  and  in  the  neck  from  the  articular 
processes  of  the  four  lower  cervical  vertebrae.  From  these  several  points 
the  muscular  bundles  ascend  obliquely,  to  be  inserted  into  the  laminae  of  the 
vertebrfe,  and  into  the  spines  from  their  bases  nearly  to  their  extremities. 
The  fibres  from  each  point  of  origin  are  fixed  to  several  vertebraj,  some 
being  inserted  into  the  side  of  the  spinous  process  next  above,  and  others 
ascending  more  and  more  vertically  as  high  as  the  fourth  from  the  place  of 
origin  ;  the  longer  fibres  from  one  origin  overlapping  those  from  the  origin 
next  above. 

The  rotator  6s  sjyincB  are  eleven  pairs  of  small  muscles,  which  may  be 
regarded  as  the  deepest  fibres  of  the  multifidus  spinas  in  the  dorsal  region, 
and  are  distinguished  by  being  more  nearly  horizontal  than  the  rest.  Each 
arises  from  the  upper  and  back  part  of  the  transverse  process,  and  is  inserted 
into  the  vertebra  next  above,  at  the  inferior  margin  and  on  part  of  the 
surface  of  the  lamina,  as  far  as  the  root  of  the  spinous  process. 

Inter-transvebsales. — The  inter-iransversales  are  short  muscles  passing 
nearly  vertically  from  vertebra  to  vertebra  between  the  transverse  processes. 
They  are  most  developed  in  the  cervical,  and  least  in  the  dorsal  region. 
Beneath  each  cervical  transverse  process  there  are  two  such  muscles,  one 
descending  from  the  anterior,  and  another  from  the  posterior  part  of  the 
process.  In  the  lumbar  region  there  are  likewise  two  sets  :  one  set,  the 
inter-transversales  later  ales  lie  between  the  transverse  processes,  and  are  in 
series  with  the  levatores  costarum  ;  the  other  set,  inter-transversales  mediates 
or  inter-accessorii,  pass  from  the  accessory  process  of  one  vertebra  to  the 
mammillary  process  of  the  next,  and  are  in  series  with  the  inter-transversales 
of  the  dorsal  region. 

Intbrspinales. — The  inter-spinales  are  short  vertical  fasciculi  of  fleshy 
fibres,  placed  in  pairs  between  the  spinous  processes  of  the  contiguous  vertebras. 
They  are  best  marked  in  the  neck,  where  they  are  connected  one  to  each  of 
the  two  parts  into  which  the  spinous  process  is  divided.  In  the  dorsal  part 
of  the  column  only  a  few  are  met  with,  and  these  are  not  constant. 

The  spinalis  cervicis  consists  of  a  few  irregular  bundles  of  fibres,  of  greater  length 
than  the  preceding  muscles,  placed  close  to  the  ligamcntum  nucha; :  they  arise  by 
two  or  more  heads  from  the  spines  of  the  fifth  and  sixth  cervical  and  sometimes  other 
neighbouring  vcrtebr£e,  and  arc  inserted  into  the  spine  of  the  axis,  and  occasionally 
into  the  two  vertebrce  next  below  it.  This  muscle  is  sometimes  wanting.  (See 
llenlc  &  Heilenbcck,  in  "Muller's  Archiv.,"  1837.) 

The  name  sacro-cocci/geus  piosiicus,  or  extensor  coccygis,  has  been  given  to  slender 
fibres  occasionally  found  extending  from  the  lower  end  of  the  sacrum  to  the  coccyx, 
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and  representing  the  extensor  of  the  caudal  vertebra?  of  other  animals,  (Giinther  and 
Milde,  "  Chirurgische  Muskellehre/'  quoted  in  Theile,  "Sommcrring  von  Baue," 
&c.) 

Short  Posterior  Cranio- Vertebral  Muscles. — The  rectus  capitis  posticus 
major  arises  by  a  narrow  tendon  from  the  spinous  process  of  the  axis,  and 
expanding  as  it  passes  upwards  and  outwards,  is  inserted  into  and  beneath  the 
outer  part  of  the  inferior  curved  line  of  the  occipital  bone.  Its  insertion  is 
inside  and  below  that  of  the  superior  oblique  muscle, 


Fig.  192. 


Fig.  192.  —  View  op  the  Deep  Pos- 
TERiOR  Muscles  op  the  Upper  Part 
OP  the  Vertebral  Column.  ^ 

a,  posterior  occipital  protuberance ;  b, 
surface  between  the  superior  and  in- 
ferior curved  lines  on  which  the  com- 
plexus  is  inserted  ;  c,  spinous  process  of 
the  axis  vertebra ;  d,  transverse  pro- 
cess of  the  atlas  ;  e,  transverse  process 
of  the  first  dorsal  vertebra  ;  /,  lamina  of 
the_  sixth  dorsal  vertebra;   1,  rectus 
capitis  posticus  minor  muscle  ;  2,  rectus 
posticus  major;   3,  obliquus  superior; 
4,  obliquus  inferior ;  5,  rectus  capitis 
lateralis ;  6,  trachelo-mastoid,  the  mus- 
cle of  the  right  side  turned  inwards  and 
its  slips  of  attachment  to  the  dorsal  and 
cervical  transverse  processes  separated 
from  each  other;  7,  transversalis  cer- 
vicis,  the  figures  are  placed  near  the 
extreme  ends  of  the  muscle  on  the  right 
side;  7',  on  the  left  side,  upper  part 
of  the  longissimus  dorsi  continued  into 
the  transversalis  cervicis  ;  8,  ascendens 
cervicis,  the  muscle  of  the  right  side  is 
spread  out;  8',  on  the  left  side,  the 
seven  upper  tendinous  insertions  of  the 
ilio-costalis  and  accessorius  muscles  ;  9, 
upper  part  of  the  semispinalis  colli  of  the 
left  side;  10,  placed  on  the  seventh  rib 
of  the  right  side,  close  to  the  insertion  of 
its  levator  costse  muscle  ;  11,  11,  three 
rotatores  vertebrarum  between  the  third 
and  seventh  dorsal  vertebrse. 


The  rectus  capitis  posticus  minor 
arises  from  the  posterior  arch  of 
the  atlas  by  the  side  of  the 
tubercle,  and  expands  as  it  passes 
to  be  inserted  into  the  inferior 
curved  line  of  the  occipital  bone, 
and  the  rough  surface  between 
that  and  the  foramen  magnum. 

The  oUiqims  capitis  ilferior,  the  strongest  of  the  muscles  now  undpr 
consrderatxon,  anses  from  the  spinous  procefs  of  the  axis,Ttween  Jhe  orig  n 
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thence  obliquely  upwards  and  backwards,  increasing  somewhat  as  it  ascends, 
and  is  inserted  into  a  groove  situated  externally  to  the  inferior  curved  lino 
of  the  occipital  bone. 

The  two  oblique  muscles,  with  the  rectus  major,  form  the  sides  of  a  small  triangular 
space,  in  the  area  of  which  the  posterior  primary  branch  of  the  sub-occipital  nerve 
and  the  vertebral  artery  will  be  found. 

Actions. — Tho  transverso-spinales  muscles,  including  the  complexus,  are  essentially 
extensors  of  the  head  and  vertebral  column  ;  and  the  movements  produced  by  them 
vary  according  as  the  muscles  of  one  side  or  both  are  in  action,  in  a  manner  similar 
to  that  already  pointed  out  in  regard  to  the  erector  muscles. 

The  interspinales  and  intertransversales  muscles  approximate  the  vertebrae  between 
which  they  pass,  and  thus  may  act  as  extensors  and  lateral  flexors  respectively  of  the 
portion  of  the  vertebral  column  in  which  they  are  situated. 

Of  the  four  muscles  last  described,  two — the  rectus  minor  and  superior  oblique — 
act  principally  by  drawing  the  head  backwards,  that  being  the  chief  movement 
allowed  between  the  atlas  and  occipital  bone ;  while  the  principal  action  of  the  rectus 
posticus  major  and  the  inferior  oblique,  when  acting  on  one  side,  is  to  rotate  the  atlas 
and  skull  upon  the  axis. 

DoKSAL  AND  LiTMBAE,  Fasci^s;. — Under  the  name  of  lumbar  fascia  or 
a23oneurosis  it  has  been  customary  to  describe  three  layers  of  strong  fibrous 
substance  sheathing  the  erector  spinse  and  quadratus  lumborimi  muscles. 
The  deeper  parts  of  this  structure,  to  which  by  some  the  name  of  lumbar 
fascia  is  restricted,  will  be  described  along  with  the  abdominal  muscles,  with 
which  they  are  chiefly  connected.  The  superficial  or  x)osterior  layer  is  that 
through  which  the  latissimus  dorsi  and  serratus  posticus  inferior  are  attached 
to  the  spines  of  the  dorsal,  lumbar  and  sacral  vertebrse  and  to  the  crest  of 
the  ilium.  This  layer,  which  is  of  considerable  strength,  extends  outwards 
beyond  the  origin  of  the  latissimus  and  serratus  inferior,  and  being  closely 
united  with  the  middle  layer,  binds  down  firmly  the  erectores  spinse 
muscles  :  it  is  by  some  described  as  the  lower  part  of  the  vertebral  aponeu- 
rosis, with  which  it  is  continuous,  by  others  it  has  been  named  the 
aponeurosis  of  the  latissimus  dorsi. 

The  vertebral  aponeurosis,  strictly  so  called,  is  situated,  on  the  same  plane 
as  the  serratus  posticus  inferior,  and  consists  of  a  thin  lamella  which  sepa- 
rates the  muscles  belonging  to  the  shoulder  and  arm  from  those  which 
support  the  spine  and  head.  Its  fibres  are  for  the  most  part  transverse  ; 
some  however  are  longitudinal.  Above,  it  passes  beneath  the  superior 
serratus  ;  below,  it  is  connected  with  the  tendons  of  the  latissimus  and 
inferior  serratus  muscles,  and  in  being  stretched  from  the  spinous  processes 
outwards  across  the  vertebral  groove,  it  helps  to  enclose  the  angular  canal  in 
which  are  lodged  the  long  extensor  muscles. 

Muscles  of  the  Thokax. 

The  muscles  of  the  thoracic  waU  are  the  inter-costales,  levatores  costarum, 
subcostales  and  triangularis  sterni,  and  along  with  these  the  diaphi-agm  mter- 
veniug  between  the  thorax  and  abdomen  may  conveniently  be  grouped. 

The  intercostal  viuscles  consist  of  two  thin  layers  of  oblique  short  muscular 
fibres  filling  up  the  inter-costal  spaces:  these  layers  are  named  respectively 
the  external  and  internal  muscles. 

The  external  intercostal  m.uscles  are  formed  of  muscular  fibres,  with  some 
tendinous  fibres  intermixed,  directed  obUquely  downwards  and  forwards 
from  one  xib  to  another.    Theix-  extent  for  the  most  part  is  from  the 
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tubercles  of  tlio  ribs  nearly  to  the  outer  end  of  the  cartilages ;  but 
in  the  two  lowest  intervals  they  reach  forwards  to  the  ends  of  the  spaces. 
Thin  tendinous  fibres  having  the  same  direction  as  the  external  intercostal 
muscles  are  continued  forwards  between  the  costal  cartilages  from  the  points 
wliere  the  muscles  cease  to  the  sternum,  and  there  Cover  the  internal 
intercostals. 

Fig.  193 


Fig.  193. — YiEW  OF  SEVEEAIi  OP  THE  MlDDLE  DoRSAL  VeRTEBR^  AHD  EiBS,  TO  SHOW 

THE  Intercostal  Muscles  (after  Cloquet).  J 
A,  from  the  side  ;  B,  from  beliind. 

IV,  the  fourth  dorsal  vertebra  ;  V,  V,  the  fifth  rib  and  its  cartilage  ;  1,  1,  the  levatovea 
costarum  muscles,  short  and  long  ;  2,  the  external  intercostal  muscles  in  the  upper  of  the 
two  intercostal  spaces  represented  ;  3,  the  internal  intercostal  layer  shown  in  the  lower 
of  the  two  spaces  represented  by  the  removal  of  the  extei'ual  layer,  and  seen  in  A  in 
the  upper  space,  where  the  external  layer  terminates  in  front  :  the  deficiency  of  the 
internal  layer  towards  the  vertebral  column  is  shown  in  B. 

The  internal  intercostal  muscles,  placed  deeper  than  the  preceding, 
are  attached  to  the  inner  margins  of  the  ribs  and  their  cartilages.  Com- 
mencing at  the  anterior  extremities  of  the  cartilages  of  the  ribs,  they  extend 
as  far  back  as  a  point  within  the  angles  of  those  bones.  The  iibres  incline 
downwards  and  backwards,  crospiog  those  of  the  external  intercostals  ; 
they  are,  however,  somewhat  shorter  and  less  oblique  in  their  direction. 

The  intcmal  arc  separated  from  the  external  intercostal  muscles  at  the  back  of  the 
spaces  by  the  intercostal  vessels  and  nerves  ;  they  are  lined  internally  by  the  pleura. 

The  levatores  cosiarum,  twelve  on  each  side,  arise  from  the  tips  of  tho 
transverse  processes  of  tho  seventh  cervical  and  eleven  highest  dorsal  ver- 
tebrte.  Corresponding  in  direction  with  the  external  intercostal  muscles,  on 
which  they  lie,  they  pass  downwards  and  outwards,  spreading  as  they 
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descend,  and  each  is  inserted  into  tlie  outer  surface  of  the  rib  beloncing 
to  tlie_  vertebra  below  that  from  which  it  springs.    The  levator  muscles 
Deiongmg  to  the  lower  ribs  present  some  longer  additional  fibres  which 
passing  over  one  rib,  are  inserted  into  the  next  one  below  ;  these  fibres  are 
sometimes  distinguished  as  levatores  longiores  costarum. 

The  levatores  costarum  lie  in  series  superiorly  with  the  scalenus  mediug  and  pos- 
ticus, and  inferiorly  with  the  external  range  of  lumbar  inter-transverse  muscles. 


Fig.  194. 


Fig.  194. — ViKW  OF  THE  Deep  Muscles  op  the  Anteriok  Wall  of  the  Thorax,  seen 
FROM  behind  (modified  from  Lusclika).  5 

a,  back  of  the  manutriiim  of  tlie  sternum  ;  6,  clavicles  ;  I  to  XI,  the  anterior  parts 
of  eleven  ribs  and  costal  cartilages  ;  1,  1',  sterno-thyroid  muscle,  that  of  the  right  side 
being,  cut  short  to  show  more  fully  the  next  muscle  ;  2,  2',  the  sterno-hyoid  ;  3,  trian- 
gularis sterni ;  4,  upper  part  of  transversalis  abdominis  united  in  4',  4',  the  back  of  tbe 
linea  alba;  5,  attachments  of  the  diaphragm  to  the  lower  ribs  (the  twelfth  not  represented 
in  the  figure),  indigitating  with  those  of  the  transversalis  ;  6',  the  two  slips  to  the  eusi- 
form  process  ;  6,  internal  layer  of  intercostal  muscles  extending  to  the  sternum,  shown 
in  all  the  spaces  on  the  right  side,  but  only  in  the  two  uppermost  of  the  left  side  ;  7,  in 
the  lower  spaces  of  the  left  side,  indicates  the  external  layer  of  intercostal  muscles 
exposed  by  removing  the  internal  layer. 


TRIAlirGULARIS  STERNI.  DIAPHRAGM. 


243 


Tho  subcostal  or  infracostal  muscles  are  small  bundles  lymg  on  the  umer 
aspect  of  the  thoracic  wall,  close  to  the  surface  of  the  internal  inter-' 
costals,  and  chiefly  in  the  neighbourhood  of  the  angles  of  the  nbs.  They 
follow  the  same  du-ection  as  the  internal  intercostal  muscles,  but  their  fibres 
extend  over  two  or  three  intercostal  spaces.  They  are  most  constant  on 
the  lower  ribs  (see  fig.  195).  ,  ,     v  r-u 

The  tnangxdaris  sterni,  a  thin  stratum  of  muscular  and  tendinous  fibres 
placed  within  the  thorax,  behind  the  costal  cartilages,  arises  from  the  deep 
surface  of  the  ensiform  process  of  the  lower  part  of  the  body  of  the 
sternum,  and  of  the  cartilages  of  one  or  two  of  the  lower  true  ribs.  Its 
fibres  pass  outwards  and  upwards  in  a  diverging  manner,  the  lowest  bemg 
horizontal,  the  middle  oblique,  and  the  upper  becoming  more  and  more 
nearly  vertical ;  and  are  inserted  by  separate  slips  into  the  cartilages  of  the 
true  ribs  from  the  sixth  to  the  second  inclusive,  on  the  lower  border  and 
inner  surface  of  each,  at  the  junction  with  the  bony  part.  At  the  lower 
margin  the  fibres  are  in  the  same  plane  with  those  of  the  transversalis 
abdominis,  of  which  this  muscle  is  a  continuation  upwards. 

The  triangularis  sterni  is  subject  to  much  variation  as  to  its  extent  and  points  of 
attachment  in  different  bodies,  and  even  on  the  opposite  sides  of  the  same  body. 
The  internal  mammary  artery  and  veins  pass  between  its  anterior  surface  and  the 
costal  cartilages. 

Occasional  jMitscle.—The  rectus  sternalis,  or  sternalis  hrutorum,  is  an  elongated 
muscle,  of  nearly  the  same  length  as  the  sternum,  frequently  seen  lying  in  front  and 
parallel  to  the  outer  margin  of  that  bone,  and  over  the  inner  part  of  the  pectoral  muscle. 
It  is  fleshy  in  the  middle  and  tendinous  at  both  ends ;  it  is  attached  superiorly  to  the 
sternum  in  connection  with  the  tendon  of  the  sterno-mastoid,  and  inferiorly  it  is 
connected  with  the  rectus  abdominis  muscle.  It  is  rarely  present  on  both  sides.  It 
represents  a  muscle  which  is  constant  in  some  animals. 


THE  DIAPHRAGM. 

The  diaphragm,  j^hren,  septum  transversum,  or  midriff,  forms  a  musculo- 
tendinous partition  between  the  abdbrninal  and  thoracic  cavities.  It 
consists  of  muscular  fibres  which  arch  upwards  as  they  converge  from  the 
circumference  of  the  visceral  cavity  to  a  tendinous  structure  in  the  centre, 
and  it  is  perforated  by  the  various  structures  which  pass  from  the  thorax'  to 
the  abdomen. 

The  fibres  arise  from  the  bodies  of  several  of  the  upper  lumbar  vertebra3 
by  two  thick  crura  ;  from  two  arches  on  each  side  external  to  the  bodies  of 
the  vertebrae,  called  ligamenta  arcuata  ;  and  from  the  ensiform  cartilage 
and  the  cartilages  of  the  six  lower  ribs. 

a.  The  crura  arise  by  tendinous  fibres  more  or  less  distinctly  aggregated 
into  two  bundles  which  are  attached  over  a  varying  extent  of  surface.  On 
the  right  side  they  are  connected  with  the  first,  second,  and  third  lumbar 
vertebrte,  and  the  interposed  fibro-cartilages,  or  sometimes  with  the  second, 
third,  and  fourth  ;  on  the  left  side,  the  attachment  is  shorter  by  the  breadth 
of  one  vertebra.    The  tendons  of  both  crura  curve  forwards  and  upwards 
so  as  to  enclose  the  aorta  in  an  arch  between  them  and  the  bodies  of  the- 
vertebra) ;  their  inner  margins  are  united  behind,  so  that  they  form  a- 
nearly  complete  fibrous  ring  round  that  vessel.     The  muscular  fibres  of  tho' 
crura,  springing  from  those  tendons  in  thick  bundles,  on  each  side  of' 
the  aorta,  diverge  as  they  pass  upwards  to  the  central  aponeurosis.  The: 
innermost  fibres  on  each  side  decussate  with  those  of  the  side  opposite,  those  : 

R  2 


MUSCLES  OF  THE  THOllAX. 

of  the  riglit  usually  lying  anterior  to  those  of  the  left,  and,  curving  upwards, 
limit  an  opening  for  tlie  transmission  of  the  oesophagus,  before  ending  in 
the  central  aponeurosis. 


Fig.  195. — The  Lower  Halp  ot/ 
THE  Thorax,  with  four  Lum- 
bar Vertebrjj,  opened  so  as 
TO  snow  THE  Diaphragm 
from  before  (modified  from 
Luschka).  ^ 

a,  sixth  dorsal  vertebra ;  b, 
fourth  lumbar  vertebra ;  c,  ensi- 
form  process  of  the  sternum;  d, 
the  aorta  descending  in  front  of 
the  lower  dorsal  vertebraj  ;  d',  the 
aorta  emerging  in  the  abdomen 
below  the  arch  formed  by  the 
meeting  of  the  pillars  of  the  dia- 
phragm ;  e,  the  cesophagus  de- 
scending through  its  aperture  in 
the  diapliragm  ;  /,  opening  in  the 
tendon  of  the  diaphragm  for  the 
inferior  vena  cava  ;  1 ,  central,  2, 
right,  and  3,  left  division  of  the 
trefoil  tendon  of  the  diaphragm  ; 
4,  right,  and  5,  left  muscular  part, 
descending  from  the  margins  of  the 
tendon  to  be  attached  to  the  ribs  ; 
6,  the  right,  and  7,  the  left  crus 
or  pillar  of  the  muscle  ;  8  to  8', 
in  the  three  upper  intercostal  spaces 
of  the  right  side  the  internal 
layer  of  intercostal  muscles  inter- 
rupted towards  the  vertebral  co- 
lumn, where  in  the  two  upper 
spaces  the  external  layer,  9,  9, 
is  seen  ;  in  the  lowest  space  shown 
the  external  layer  is  not  represented  ;  10,  10,  on  the  left  side,  indicate  the  form  and 
position  of  a  part  of  the  subcostal  or  innermost  layer  of  intercostal  muscles. 

h.  The  ligamentum  areuatum  internum  is  a  fibrous  band  which  extends 
from  the  body  to  the  transverse  process  of  the  first  lumbar  vertebra,  and 
sometimes  also  to  that  of  the  second,  and  arches  over  the  upper  part  of 
the  psoas  muscle.  The  ligamentum  areuatum  externum  extends  outwards 
from  the  transverse  process  of  the  first  lumbar  vertebra  to  the  last  rib, 
arching  over  the  front  of  the  quadratus  lumborum  :  it  is  the  upper  part  of 
the  fascia  covering  that  muscle,  somewhat  increased  in  thickness.  From 
both  ligamenta  arcuata  diaphragmatic  muscular  fibres  take  their  origin,  and 
are  directed  upwards  to  the  posterior  part  of  the  tendinous  centre. 

c.  The  fibres  arising  from  the  cartilages  of  the  six  lower  ribs  form  a  series 
of  serrated  slips  interdigitating  with  the  attachments  of  the  transversaHs 
abdominis  muscle.  They  sometimes  arise  also  in  part  from  the  osseous 
ribs.  The  fibres  proceeding  from  the  ensiform  cartilage  form  a  narrow  slip, 
sometimes  divided,  on  each  side  of  which  there  occurs  an  interval,  in 
which  the  lining  membranes  of  the  thorax  and  abdomen  are  separated 
only  by  a  small  quantity  of  loose  connective  tissue.  The  anterior  fibres  of 
the  diaphragm  are  much  the  shortest.  The  fibres  of  the  sternal  and  costal 
slips,  after  being  united  into  the  general  plane  of  the  muscle,  rise  in  an 


Fig.  195. 


THE  DIAPHKAGM. 


2i5 


arched  and  converging  manner  to  be  inserted  into  the  anterior  and  external 
margins  of  the  central  tendon. 

d.  Tlie  central  Undon— trefoil,  or  cordiform,  tendon,  or  phremc  centre, 
is  a  strong  aponeurosis,  forming  the  central  and  highest  part  of  the 
diaphragm.  It  is  elongated  from  side  to  side,  and  consists  of  three  lohes  or 
akc,  partly  separated  by  indentations.  The  right  lobe  is  the  largest ;  and 
the' left,  which  is  elongated  and  narrow,  is  the  smallest  of  the  three.  The 
central  tendon  is  surrounded  on  every  side  by  the  muscular  portion  of  the 
diaphragm,  the  fibres  of  which  are  directly  continuous  with  those  of  the 
tendon."  The  tendinous  fibres  cross  one  another,  and  are  interwoven  in 
various  directions. 

Fig.  196.— View  op  tub  Kg-  196. 

DlAPHRAQM,    FROM  BE- 
LOW. ^ 

In  the  preparation  from 
which  this  figure  is  drawn, 
the  lower  ribs  and  sternum 
are  thrown  upwards  so  as 
to  expose  and  stretch  the 
lower  surface  of  the  dia- 
phragm, and  the  four 
upper  lumbar  vertebrte 
have  been  exposed  by  the 
removal  of  all  the  muscles 
on  the  right  side,  and  the 
dissection  of  the  psoas  mag- 
uus  and  quadratus  lumbo- 
rum  on  the  left  side,  a, 
the  aorta  emerging  in  the 
abdomen  below  the  ten- 
dinous arch  formed  by  the 
union  of  the  pillars  of  the 
diaphragm  on  the  first 
lumbar  vertebra ;  6,  the 
oesophagus  seen  entering 
the  abdomen  through  the 
aperture  in  the  united 
muscular  crura  (this  aper- 
ture should  have  been 
represented  a  little  to  the 
left  of  the  middle  line)  ; 
c,  the  aperture  for  the 
vena  cava  inferior  situated 
at  the  place  of  union  of 
the  middle  and  right  divi- 
sions of  the  trefoil  tendon ;  d,  the  body  of  the  fourth  lumbar  vertebra  ;  c,  e,  the  twelfth 
ribs  near  their  extremities  ;  /,  /,  the  ends  of  the  eleventh  ribs ;  1,  the  tendinous  part 
of  the  right  crus ;  2,  the  left ;  3,  the  tendinous  arch  formed  by  their  union  over  the 
aorta,  above  which  the  decussation  of  muscular  fibres  is  seen  ;  4,  second  decussation  of 
muscular  fibres  in  front  of  the  oesophageal  opening  ;  6,  on  the  right  side,  placed  near  the 
end  of  the  transverse  process  of  the  first  lumbar  vertebra,  towards  which,  arching  from 
above  and  from  within,  over  the  +,  is  seen  the  ligamentum  arcuatum  internum ;  and 
from  which,  passing  towards  c,  is  seen  the  ligamentum  arcuatum  externum  ;  5',  on  the 
left  side,  is  in  a  similar  position,  but  here  the  quadratus  lumborum  muscle  is  seen 
descending  from  the  twelfth  rib  behind  the  ligamentum  arcuatum  externum,  and  the 
upper  part  of  the  psoas  muscle  is  within  the  ligamentum  arcuatum  internum  ;  6,  the  middle 
division  of  the  trefoil  tendon,  from  which  in  front  pass  the  slips  of  attachment  of  the 
diaphragm  to  the  ensiform  process ;  7,  the  left,  and  8,  the  right  divisions  of  the  trefoil  < 
tendon  ;  from  the  outer  and  anterior  margins  of  these  the  costal  slips  of  the  muscle  are 
seen  diverging,  and  from  the  posterior  border  of  the  tendon  the  slips  of  origin  proceeding 
from  the  ligamenta  arcuata  and  the  tendinous  arch  of  the  crura  j  9,  part  of  the  qiiadratus 
lumborum  ;  10,  part  of  the  psoas  maguus. 
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Foramina- — There  are  in  the  diaphnagm  three  large  perforations  for  the 
passage  respectively  of  the  aorta,  the  oesophagus,  and  the  vena  cava,  besides 
some  smaller  holes  or  fissures  which  are  less  regular.— a.  The  foramen 
for  the  aorta  (hiatus  aorticus),  placed  in  front  of  the  vertebrse,  is  bounded 
by  tendinous  fibres  of  the  crura  as  already  described.  Besides  the  aorta, 
this  opening  transmits  the  thoracic  duct,  and  generally  also  the  vena 
azygos. — 6.  The  foramen  for  the  oesophagus,  higher  and  farther  forward 
than  the  preceding,  as  well  as  a  little  to  its  left,  is  separated  from  that 
opening  by  the  decussating  fibres  of  the  crura.  It  is  oval  in  form,  and  is 
generally  entirely  surrounded  by  muscular  fibres  ;  iu  some  rare  cases, 
however,  a  small  part,  the  anterior  margin,  is  found  to  be  tendinous,  being 
formed  by  the  margin  of  the  central  tendon. — c.  The  opening  for  the  vena 
cava  (foramen  quadratum)  is  placed  in  the  highest  part  of  the  diaphragm, 
in  the  tendinous  centre  at  the  junction  of  the  right  and  middle  alaj, 
posteriorly.  Its  form  is  somewhat  quadrangular  ;  and  it  is  bounded  by 
fasciculi  of  tendinous  fibres  running  parallel  with  its  sides. 

Besides  the  foregoing  large  foramina,  there  are  small  perforations  through  the 
crura  for  the  sympathetic  and  splanchnic  nerves  on  both  sides,  and  for  the  vena 
azygos  minor  on  the  left  side.  Moreover,  the  larger  azygos  vein  often  takes  its  course 
through  the  right  crus. 

The  upper  or  thoracic  surface  of  the  diaphragm  is  highly  arched.  Its  posterior  and 
lateral  fibres,  ascending  from  their  connection  with  the  lower  margin  of  the  thorax, 
are  for  a  considerable  extent  placed  close  to  the  ribs,  the  lungs  not  descending  so  far 
as  their  attachments.  The  vault  of  the  diaphragm  rises  higher  on  the  right  than  on 
the  left  side.  On  the  right  side  in  the  dead  body  it  rises  to  the  level  of  the  iifth  rib 
at  the  sternum,  and  on  the  left  side  only  as  high  as  the  sixth.  This  difference  has 
relation  to  the  great  size  and  firmness  of  the  liver  on  the  right  side.  It  is  covered 
superiorly  by  the  pleura  and  the  pericardium ;  the  fibrous  layer  of  the  latter  mem- 
brane blending  with  the  tendinous  centre,  as  well  as  with  the  fascia  covering  its 
muscular  substance.  The  lower  surface,  of  a  deeply  concave  form,  is  lined  by  the 
peritoneum,  and  has  in  apposition  with  it  the  liver,  the  stomach,  the  pancreas 
and  spleen,  and  the  kidneys. 

Actions. — Movements  of  Eespiration. — The  mechanical  act  of  respiration  consists 
of  two  sets  of  movements,  viz.,  those  of  inspiration  and  of  expiration,  in  which  air 
is  successively  drawn  into  the  lungs  and  expelled  from  them  by  the  alternate 
increase  and  diminution  of  the  thoracic  cavity.  The  changes  in  the  capacity  of  the 
thorax  are  effected  by  the  expansion  and  contraction  of  its  lateral  walls,  called  costal 
respiration,  and  by  the  depression  and  elevation  of  the  floor  of  the  cavity,  through 
contraction  and  relaxation  of  the  diaphragm,  called  abdominal  respiration.  These 
two  methods  of  respiration  are  normally  combined,  but  in  different  circumstances 
one  method  is  resorted  to  more  than  another.  Thus,  abdominal  respiration  is  most 
employed  in  the  male,  costal  respiration  most  in  the  female. 

Inspiration— The  study  of  the  movements  of  the  thoracic  walls  in  respiration 
presents  the  difficulty  that  those  movements  cannot  be  perfectly  imitated  on  the  pre- 
pared skeleton,  because  the  force  cannot  on  it  be  applied  between  one  rib  and  another 
as  during  life,  and  because  the  resistance  to  expansion  is  no  longer  of  the  same 
description.  On  the  prepared  skeleton,  by  raising  and  depressing  the  sternum  the 
ribs  may  be  moved  upwards  and  downwards,  parallel  to  one  another ;  the  first  rib 
moving  as  freely  as  the  others.  But  during  life  several  causes  combine  to  make  the 
first  rib  more  fixed  than  those  which  follow  ;  as  for  example,  the  weight  of  the  upper 
extremity,  and  the  strain  of  the  intercostal  muscles  and  ribs  beneath.  The  move- 
ments of  the  thoracic  walls  in  respiration  are  these  :— 1st.  The  antero-postenor  dia- 
meter is  increased  by  a  forward  movement  of  the  sternum ;  the  lower  end  of  that 
bone  is  raised  and  advanced,  while  the  upper  end,  which  in  easy  respiration  is  at  rest, 
or  nearly  so,  is  only  raised  in  full  inspiration.  2nd.  The  lateral  diameter  of  the 
thorax  is  increased,  both  by  the  elevation  and  the  rotation  of  the  ribs;  the  lirst  ot 
these  movements  bringing  larger  costal  arches  to  a  level  occupied  m  expiration  by 
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smaller  arches  above  tliem ;  and  the  second,  by  the  movement  or  rotation  of  the  ribs 
round  an  axis  extending  from  their  heads  to  the  sternum,  which  everts  the  lower  edge 
of  the  ribs,  and  increases  the  width  of  their  arch  outwards.  3rd.  The  capacity  of  tho 
thorax,  transversely  and  posteriorly,  is  increased  by  the  clastic  bending  of  the  ribs,  as 
well  as  the  opening  of  the  angle  between  the  ribs  and  their  cartilages,  produced  by  the 
resistance  of  the  sternutn  and  weight  of  the  limbs  to  the  forward  and  upward  motion 
of  the  extremities  of  the  cartilages,  and  by  the  inclination  backwards  given  to  the 
middle  ribs  in  their  upward  movement  by  the  oblique  direction  of  the  plane  of  the 
costo-transverse  articular  surfaces.  It  is  further  to  be  noticed,  that  any  considerable 
elevation  of  the  lowest  ribs,  instead  of  increasing,  would  diminish  the  capacity  of  the 
thorax  by  raising  the  diaphragm,  and  accordingly  in  inspiration  those  ribs  are  drawn 
backwards  and  outwards  rather  than  raised.  Lastly,  it  may  be  remarked,  that 
extension  of  the  vertebral  column  is  an  important  agent  in  respiration,  for  when 
the  column  is  bent  forwards,  the  ribs  are  pressed  together  in  the  concavity  of  the 
curve,  and,  conversely,  when  the  column  is  extended  the  ribs  are  separated. 

The  Intercostal  Muscles. — The  manner  in  which  these  muscles  act  has  been  a  sub- 
ject of  controversy  from  an  early  time,  and  cannot  be  said  to  be  yet  thoroughly 
understood.  Among  those  who  look  upon  the  intercostal  muscles  as  active  in 
respiration,  all  are  agreed  that  the  external  muscles  are  elevators  of  the  ribs,  and 
therefore  muscles  of  inspiration.  According  to  one  view,  defended  by  Haller,  the 
external  and  internal  layers  have  a  common  action,  the  decussating  fibres  acting  in 
the  direction  of  the  diagonal  between  them  ;  while  according  to  another  view,  that  of 
Ilamberger,  while  the  external  intercostal  muscles  are  admitted  to  be  elevators,  the 
internal  are  held  to  be  depressors  of  the  ribs.  A  more  recent  modification  of  these 
views,  which  is  at  present  most  generally  adopted,  is  that  maintained  by  Hutchison, 
viz.,  that  the  external  intercostal  muscles,  and  the  parts  of  the  internal  intercostals 
placed  between  the  costal  cartilages,  elevate  the  ribs,  and  that  the  lateral  portions  of 
the  internal  intercostals  act  as  depressors.  This  view  is  founded  upon  a  mathematical 
demonstration,  and  may  be  illustrated  mechanically  by  an  apparatus  showing,  that  if 
two  parallel  bars,  free  at  one  end  and  attached  by  joints  to  a  fixed  pei-pendicular  at 
the  other,  be  united  by  oblique  elastic  bands,  one  set  of  which  is  directed  downwards 
and  away  from  the  fixed  upright,  while  another  is  directed  downwards  and  towards 
the  upright,  the  first  set  of  bands  will  be  shortened  by  the  elevation  of  the  bars 
from  an  oblique  to  a  horizontal  position,  and  the  second  set  lengthened ;  whereas 
the  first  set  will  be  lengthened  and  the  second  shortened  by  depression  of  the  bars 
below  the  horizontal  position.  It  may  be  objected,  however,  to  this  view,  that 
the  ribs  diifer  from  the  supposed  bars  in  respect  that  they  are  not  rigid,  and  are  not 
free  at  either  end,  but  have  the  greatest  extent  of  motion,  at  least  in  some  instances, 
in  the  middle  of  their  arch,  and  in  the  living  subject,  the  ribs,  in  their  elevation,  both 
rotate  upon  their  axis  and  bend  upon  themselves,  instead  of  describing  a  simple 
upward  and  downward  movement  like  the  bars.  The  deficiency  of  the  external  inter- 
costal muscles  in  front  and  of  the  internal  behind,  in  which  situations  they  would 
have  acted  as  depressors,  seems  to  point  to  some  sorb  of  combined  action  of  the 
muscles  as  elevators  of  the  ribs. 

Among  the  more  recent  anatomical  writers,  Henle  inclines  to  Haller's  view ; 
Luschka  refers  to  Budge's  experiments  on  the  muscles  of  living  animals,  as  proving 
that  the  internal  intercostal  muscles  elevate  the  ribs  (Budge,  "  Lchrbuch  der  Phy- 
siologic des  Mcnschen,"  Weimar,  1860,  p.  79) ;  and  Cruveilhier,  founding  on  the 
experiments  of  Beau  and  Massiat,  supports  the  very  different  but  scarcely  tenable 
view,  that  tho  intercostal  muscles  arc  not  essential  agents  either  in  elevating  or 
depressing  the  ribs,  but  only  act  as  tensors  of  the  intercostal  spaces  (op.  cit.  p.  575). 

The  levatores  costarum  have  a  similar  action  with  the  posterior  fibres  of  the 
external  intercostal  muscles,  and  ought  therefore  to  be  ranked  among  the  agents  of 
inspiration,  Tho  scalene  muscles  also  arc  usually  believed  to  contribute,  even  in 
normal  and  quiet  inspiration,  to  the  support  and  elevation  of  the  first  and  second 
ribs ;  and  it  is  obvious  that  the  serratus  posticus  superior  must  have  a  similar  effect 
on  those  upper  ribs  to  which  it  is  attached. 

T/ie  action  of  the  diaphragm  is  more  easily  understood  than  that  of  the  intercostal 
muscles.  By  its  contraction  and  descent  its  convexity  is  diminished,  the  abdominal 
viscera  arc  pressed  downwards,  and  tho  thorax  expanded  vertically.    The  fibres 
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arising  from  tlio  lowest  ribs,  being  directed  nearly  vertically  upwards  from  their  costal 
attachments,  must  tend  to  pull  those  ribs  upwards.  The  scrratus  posticus  inferior 
and  quadratus  lumborum  muscles,  by  opposing  the  diaphragm,  and  thus  giving  it  a 
fixed  point  on  which  to  descend,  become  assistant  muscles  of  inspiration.  The  ante- 
rior fibres  of  the  diaphragm  being  directed  more  horizontally  towards  the  central 
tendon,  oppose  the  forward  motion  of  the  sternum ;  hence  the  sternum  becomes 
arched  in  patients  long  subject  to  asthma.  (Hutchison,  Article  "  Thorax,"  in  Todd's 
"  Cycloptedia  of  Anatomy  and  Physiology;"  Meyer,  " Physiologische  Anatomic.") 

In  more  forcible  inspiration,  and  more  especially  in  severe  attacks  of  dyspnoea, 
there  are  called  into  play  other  powerful  muscles,  to  secure  the  inspiratory  action  of 
which  a  fixed  attachment  must  be  provided  by  the  support  and  elevation  of  the 
shoulder  and  arm ;  among  these  may  be  enumerated  the  serratus  magnus  and  pec- 
toralis  minor,  acting  from  the  shoulder,  and  the  pcctoralis  major  and  latissimus  dorsi, 
acting  from  the  raised  arm,  which  together  produce  expansion  and  elevation  of  the 
ribs. 

Expiration. — In  normal  and  quiet  expiration  the  diminution  of  the  capacity  of  the 
chest  is  mainly,  if  not  wholly,  due  to  the  return  of  the  walls  of  the  chest  to  the  condi- 
tion of  rest,  in  consequence  of  their  own  clastic  re-action,  and  of  the  elasticity  and  weight 
of  the  viscera  and  other  parts  displaced  by  inspiration ;  the  lungs  themselves,  after 
distension  by  air,  exert  considerable  elastic  force,  and  no  doubt  the  ribs  and  their 
cartilages  re-act  strongly  by  their  elastic  return  from  the  elevated  and  bent  condition 
into  Avhich  they  had  been  thrown  by  the  inspiratory  forces.  In  more  forcible  acts  of 
expiration,  in  muscular  efforts  of  the  limbs  and  trunk,  and  in  efi'orts  of  expulsion 
from  the  thoracic  and  abdominal  cavities,  all  the  muscles  which  tend  to  depress  the 
ribs,  and  those  which  compress  the  abdominal  cavity,  concur  in  powerful  action  to 
empty  the  lungs,  to  fix  the  trunk,  and  to  expel  the  contents  of  the  abdominal  viscei'a. 
(See  further  "  Action  of  the  Abdominal  Muscles.") 


MUSCLES  OF  THE  ABDOMEX. 

The  muscular  wall  of  the  abdomen  is  formed,  in  great  part  of  its  extent 
on  eacli  side,  of  three  layers  of  muscle,  the  fibres  of  which  run  in  difl'erent 
directions  ;  those  of  the  two  most  superficial  layers  lying  obliquely,  and 
those  of  the  innermost  layer  being  transverse.  In  front  those  three  layers 
of  muscle  are  absent,  and  are  replaced  by  tendinous  expansions,  which  meet 
in  the  middle  line,  and  on  either  side  of  that  line  the  fibres  of  the  recti 
muscles  extend  in  a  vertical  direction  between  the  tendinous  layers,  sup- 
ported usually  at  the  lower  end  by  the  pyramidales  muscles.  Posteriorly 
the  wall  is  formed  in  part  by  aponeurosis,  and  in  part  by  muscles  of  which 
the  fibres  are  chiefly  vertical,  viz.,  the  muscles  of  the  back,  and  in  front  of 
them  the  quadratus  lumborum. 

The  superficial  or  external  oblique  muscle  {descending  or  great  ohliq^le) 
arises  from  the  outer  surface  of  the  eight  inferior  ribs,  by  slips  arranged  in 
a  serrated  series,  five  of  them  meeting  with  origins  of  the  serratus  maguus, 
and  three  with  origins  of  the  latissimus  dorsi.  The  slips  of  these  two  sets 
of  muscles  alternate  with  each  other,  as  the  tips  of  the  fingers  of  one  hand 
may  be  made  to  fit  in  between  those  of  the  other,  and  hence  they  are  said 
to  iuterdigitate,  and  are  termed  digitations.  The  lower  and  the  upper  digi- 
tations  of  the  external  oblique  are  connected  with  the  ribs  near  their  car- 
tilages, the  others  are  attached  to  the  ribs  at  some  distance  from  their 
extremities ;  the  lowest  digitation  generally  embraces  the  point  ot  the 
twelfth  rib.  The  fleshy  fibres  from  the  last  ribs  pass  down  m  nearly  a 
vertical  direction  to  be  inserted  into  the  external  margm  of  the  crest  ot  the 
ilium  for  about  the  anterior  half  of  its  length  ;  all  the  rest  inclme  dow-u- 
wards  and  forwards,  and  terminate  in  tendinous  fibres,  which  lorm  inc 
broad  aponeurosis  by  Avhich  the  muscle  is  inserted. 
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The  a2)oneurosis  of  the  external  oblique,  wider  at  the  lower  than  at  the 
upper  part,  and  larger  than  that  of  either  of  the  subjacent  abdominal  muscles, 
extends  inwards  towards  the  middle  line  in  front  ;  at  some  distance  from 
this,  but  farther  out  above  than  below,  it  becomes  insepai'ably  united  with 
the  aponeurosis  beneath,  and  forms  a  part  of  the  sheath  of  the  rectus 
muscle  in  the  whole  extent  of  the  space  from  the  ensiform  cartilage  to  the 
syni^jhysis  pubis.  The  upper  part  of  the  ai^oneurosis  is  connected  externally 
with  the  larger  pectoral  muscle.  Its  lower  fibres  are  closely  aggregated 
together,  and  extend  across  from  the  anterior  superior  iliac  spine  to  the 
spine  of  the  pubes,  in  the  form  of  a  broad  band,  which  is  called  the  liya- 
mmt  of  Fallop'ius,  or  more  commonly  of  Fonjmrt.  This  band  is  curved  at 
the  middle  and  outer  pai  ts,  the  convexity  of  the  curve  being  directed  towards 

Fig.  197. 


Fig.  197.-SurKRrioiAL  View  of  the  Muscles  op  the  Abdomen,  from  before.  ^ 

,r^ft'?'J°''\°^'Tr';°'"'f^?.:  Pl'^<=^'1  °^       ensiform  cartilage  at  the  upper  end 

a  bn     ZZ  ll'X  '  ^'"^•'17'?;       symphysis  pubis  at  the  lower  end  of  the  linea 

T        +1'  f  V  '  ^^^''"6'*  semilunaris  ;  between  this  line  and  the  linea  alba 

rnnnw'  1  '  t'-^°«^erse  lines  of  the  rectus  muscle;  above  22,  the  curved  mardn  o^ 
ronparts  l.gamcnt ;  on  either  side  of  16,  the  external  abdominal  ring  is  indicated? 
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tho  thigli,  a  form  whicli  is  given  to  it  by  its  connection  with  the  fascia  lata 
of  the  limb. 

Above  the  crest  of  the  pubes  the  fibres  of  the  aponeurosis,  separating  from 
the  mner  part  of  Poupart's  ligament,  leave  between  them  an  oblique^opeu- 
ing,  the  superficial  or  external  abdominal  ring,  through  which  passes  the 
spermatic  cord  iu  the  male,  and  the  round  ligament  in  the  female.  The 
direction  of  this  opening  is  upwards  and  outwards,  its  base  being  formed  by 
the  pubic  crest,  and  its  sides  by  the  two  sets  of  diverging  fibres  called  the 
pillars.  The  upper  or  internal  pillar  is  attached  to  the  anterior  surface  of 
the  symphysis  pubis,  interlacing  with  the  corresponding  fibres  of  the  opposite 
side  ;  the  lower  or  external  pillar  is  formed  by  Poupart's  ligament,  near 
its  attachment  to  the  spine  of  the  pubic  bone. 

A  portion  of  the  aponeurosis,  which  is  reflected  backwards  and  outwards 
along  the  pectineal  line  from  the  attachment  of  Poupart's  ligament  to  the 
spine  of  the  pubes,  constitutes  a  small  triangular  process  with  a  curved 
external  border,  not  far  distant  from  the  femoral  ring.  This  receives  the 
name  of  Gimbernat's  ligament.  Some  curved  fibres,  directed  across  the 
diverging  pillars  and  uniting  them  together,  are  named  intercolumnar.  A 
few  of  these,  descending  upon  the  spermatic  cord  from  the  margin  of  the 
opening,  are  prolonged  upon  that  structure  as  a  delicate  fascia,  named 
intercolumnar  fascia.  The  intercolumnar  fibres  may  be  regarded  as  the 
lowest  of  a  series  of  tendinous  fibres,  which  cross  the  aponeurosis  of  the 
external  oblique  muscle  somewhat  obliquely  over  a  considerable  extent  of  its 
surface,  and  the  strongest  of  which  proceed  from  near  the  superior  spine  of 
the  ilium  and  upper  part  of  Poupart's  ligament. 

The  deep  or  internal  ohliqiie  muscle  (^ascending  or  small  oblique),  placed 
under  cover  of  the  external  oblique,  arises  by  fleshy  fibres  from  the  external 
half  or  two-thirds  of  the  inner  sm-face  of  Poupart's  ligament,  from  the  iliac 
crest  for  two-thirds  of  its  length,  and  by  some  fibres  from  the  posterior 
aponeurosis  of  the  transversalis  muscle,  in  the  angle  between  the  crest  of 
the  ilium  and  the  outer  margin  of  the  erector  spinse  muscle.  From  those 
attachments  the  fibres,  spreading  somewhat,  pass  to  be  inserted  as  follows  : 
the  most  posterior  fibres  pass  upwards  and  forwards  to  the  lower  margins  of 
the  cartilages  of  the  last  four  ribs,  where  they  are  inserted  in  the  same  plane 
with  the  internal  intercostal  muscles  ;  those  arising  further  forwards  from 
the  crest  of  the  ilium  pass,  the  upper  more  obliquely,  and  the  rest  more 
horizontally,  forwards  to  end  in  an  aponem'osis  in  front  of  the  abdomen  ; 
those  from  tho  front  part  of  the  crest  extend  horizontally  inwards  to  the 
same  aponeurosis ;  while  the  fibres  from  Poupart's  ligament,  usually  paler 
than  the  rest,  arch  downwards  and  inwards  over  the  spermatic  cord,  or  the 
round  ligament  of  the  uterus,  and  end  in  tendinous  fibres  common  to  them 
and  the  lower  part  of  the  transversalis  muscle,  and  hence  known  as  the 
conjoined  tendon  of  these  muscles  ;  through  the  medium  of  this  tendon  they 
are  attached  to  the  front  of  the  pubes,  and  for  some  distance  along  the 
pectineal  line,  behind  and  to  the  outside  of  Gimbernat's  ligament.  The 
spermatic  cord  and  round  ligament  pass  under  the  arched  lower  border  of 
the  internal  oblique  and  transversalis  muscles  through  the  internal  or  deep 
abdominal  ring. 

The  aponeurosis  may  be  regarded  as  the  expanded  tendon  of  the  muscle 
continued  inwards  in  front ;  it  extends  from  the  margin  of  the  thorax  to 
the  pubes,  and  is  wider  at  the  upper  than  at  the  lower  end.  At  the  outer 
border  of  the  rectus  muscle  this  structure  divides  into  two  layers,  one 
passing  before,  the  other  behind,  that  muscle;  and  the  two  reunite  at  its 
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inner  border,  so  as  to  enclose  it  in  a  sheath.  The  anterior  layer,  as  already 
mentioned,  becomes  inseparably  united  with  the  aponeurosis  of  the  external 
oblique  muscle,  and  the  posterior  layer  is  similarly  incorporated  with  that 
of  the  trausversalis.  The  upper  border  of  the  posterior  lamina  is  attached 
to  the  mai-gius  of  the  seventh  and  eighth  ribs,  as  well  as  to  the  ensiform 
cartUage.  This  division,  however,  of  the  aponeurosis  into  layers  stops 
short  a  little  above  the  middle  distance  between  the  umbilicus  and  the 
pubis,  the  aponeurosis  below  that  level  remaining  undivided,  and  along  with 


Fig.  198. — Latekali  View  of  the  Fig.  198. 

MOSOLES    OP    THE    AbDOMEN  AND 

Trunk,  thb  Internal  Oblique 
Muscle  having  been  exposed 
bv  the  removal  op  the  external 
Oblique  (modified  from  Henle).  J 

a,  anterior  superior  spinous  process 
of  tlie  ilium  ;  6,  trochanter  major ; 
c,  spine  of  pubes  ;  d,  lumbar  fascia  ; 
VI  to  Xri,  the  sixth  to  the  twelfth 
ribs ;  1,  lower  part  of  the  great  pec- 
toral muscle,  where  it  is  attached  to 
the  external  oblique  muscle ;  2,  2, 
lower  digitatioDS  of  the  serratus  mag- 
nus  from  the  fourth  to  the  eighth  ribs ; 
3,  lower  costal  attachments  of  the 
latissimus  dorsi  ;  3',  its  iliac  attach- 
ment ;  4,  trapezius  ;  5,  divided  attach- 
ments of  the  external  oblique,  left  in 
connection  with  the  ribs  ;  5',  aponeu- 
rosis of  the  external  oblique  divided  in 
front  of  the  rectus,  where  it  joins  the 
sheath ;  6,  internal  oblique  at  its 
middle  ;  6',  6,  line  where  it  divides 
to  form  the  sheath  of  the  rectus ; 
+  +  +  XII,  its  attachments  to  the 
four  lowest  ribs;  6",  the  conjoined 
tendon,  and  above,  and  to  the  out- 
side, the  internal  inguinal  apertiire  ; 
7,  sartorius ;  8,  rectus  femoris ;  9, 
tensor  vaginae  femoris ;  10,  gluteus 
medius  ;  11,  gluteus  maxim  us. 

that  of  the  transversaUs  muscle  to 
which  it  is  united,  passing  wholly 
in  front  of  the  rectus  muscle.  The 
deficiency  thus  resulting  in  the 
posterior  wall  of  the  sheath  of 
the  rectus  muscle  is  marked 
superiorly  by  a  well-defined  lu- 
uated  edge,  whose  concavity 
looks  downwards  towards  the 
pubes — the  semilujiar  fold  of 
Douglas. 

The  internal  oblique  muscle  is 
almost  entirely  covered  by  the  ex- 
ternal oblique.   A  small  angular  portion  only  near  the  place  where  its  posterior  fibres 
take  their  origin,  under  cover  of  the  latissimus  dorsi,  is  exposed  between  that  muscle 
and  the  external  oblique,  and  even  this  is  not  constantly  found. 

The  cremaster,  a  muscle  peculiar  to  the  male,  consists  of  fibres  lying  in 
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series  with  those  of  the  lower  border  of  the  internal  oblique  muscle.  It 
presents  an  external  and  an  internal  attachment.  The  external  attachment 
is  to  Poupart'a  ligament  near  its  lower  part,  and  there  its  fibres  are  continuous 
with  those  of  the  internal  oblique  muscle  ;  the  internal  attachment,  smaller 

Fig.  199.  Pig.  199. — Lateral  view 

OF  THE  TllUNK,  GIVING 

a  dkep  view  op  the 
Serkatus  Magnus  and 
Transveksalis  Abdo- 
minis Muscles.  ^ 

The  serratus  maguus  is 
stretched  out  by  the  sca- 
pula being  drawn  away 
from  the  ribs,  a,  coracoid 
process  of  the  scapula  ;  h, 
jzlenoid  cavity ;  c,  lower 
angle  ;  d,  first  dorsal  ver- 
tebra ;  e,  placed  on  the  os 
pubis,  points  to  the  inser- 
tion of  Gimbernat's  liga- 
ment ;  I,  VI,  XII,  the  first, 
sixth,  and  twelfth  ribs; 
L',  first  lumbar  vertebra  ; 
],  iipper  portion,  of  the 
serratus  magnus  attached 
to  the  first  and  second 
ribs  ;  2,  second  or  middle 
portion  attached  to  the 
second  and  third  ribs ;  3, 
lower  or  fan-shaped  portion 
attached  to  the  ribs  from 
the  fourth  to  the  ninth  ; 
4,  the  external  intercostal 
muscles ;  5,  upper  costal 
origins  of  the  transver- 
salis  abdominis  ;  6,  origins 
of  the  muscle  from  the 
transverse  processes  of  the 
lumbar  vertebrae  by  the 
lumbar  aponeurosis ;  6', 
part  rising  from  the  crest 
of  the  ilium ;  7,  lower 
portion  rising  from  the 
upper  half  of  Poupart's 
ligament,  and  passing  over 
the  internal  inguinal  aper- 
ture ;  8,  sheath  of  the 
rectus  muscle  opened  in 
its  upper  part  by  removing 
the  aponeuroses  of  the 
oblique  muscles ;  9,  the 
same  in  its  lower  part  left 
entire  at  the  place  where 
the  tendons  pass  entirely 
in  front  of  the  rectus 
muscle;  10,  the  interspinalcs  muscles  of  the  lumbar  verlcbrse;  11,  gluteus  minimus; 
12,  pyriformis. 

and  less  constant,  is  by  means  of  a  tendinous  band  to  the  spine  and  crest  of 
the  pubes,  close  to  the  insertion  of  the  internal  obUque  muscle.  Iho 
superior  fibres  of  the  muscle  extend  between  those  attachments  m  a  series 
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of  successively  longer  loops,  descending  in  front  of  the  spermatic  cord,  a 
few  of  them  reaching  as  low  as  the  level  of  the  testicle  :  the  remaining 
iibres,  the  greatest  number  of  which  descend  from  the  outer  attachment, 
and  a  few  from  the  inner,  spread  out  inferiorly  and  are  embedded  in  the 
substance  of  a  fascia,  termed  cremasteric,  which  adheres  to  the  fascia  propria 
of  the  testicle.  Sometimes  the  only  fibres  developed  are  a  bundle  descend- 
ing from  the  outer  attachment. 

In  the  female  there  may  be  almost  constantly  detected  a  small  bundle  of  fibres 
descending  on  the  round  ligament  of  the  uterus,  which  corresponds  with  the  last- 
mentioned  fibres  of  the  cremaster  muscle  of  the  male. 


The  transversalis  abdominis  muscle,  subjacent  to  the  internal  oblique, 
arises  from  the  inner  surface  of  the  cartilages  of  the  six  lower  ribs  ;  from  a 
strong  aponeurosis  attached  to  the  lumbar  vertebr£e  ;  from  the  inner  margin 
of  the  crest  of  the  ilium  in  the  anterior  two-thirds  of  its  extent,  and  from 
the  iliac  third  of  Poupart's  ligament.  The  greater  part  of  the  fibres  have 
a  horizontal  dii'ection,  and  extend  forwards  to  a  broad  aponeurosis  in  front  ; 
the  lowest  fibres  cm've  downwards  like  those  of  the  internal  oblique,  and  are 
inserted  into  the  front  of  the  pubes  and  into  the  pectineal  line,  through  the 
medium  of  the  conjoined  tendon  already  described  as  common  to  this  muscle 
and  the  internal  oblique. 

The  anterior  aponeurosis  of  the  transversalis  muscle  commences  in  the 
greater  part  of  its  extent  at  the  distance  of  about  an  inch  from  the  outer 
border  of  the  rectus  muscle  ;  but  at  its  xipper  extremity  this  aponeurosis  is 
much  narrower,  and  there  the  muscular  fibres  of  opposite  sides  approach 
nearly  to  the  middle  line  behind  the  recti  muscles.  In  the  greater  part  of 
its  extent  it  becomes  united  with  the  posterior  layer  of  the  aponeurosis  of 
the  internal  oblique  forming  the  rectus  sheath,  and  inferiorly,  where  that 
aponeurosis  passes  entirely  in  front  of  the  rectus  muscle,  it  remains  blended 
Avith  it,  and  passes  likewise  in  front  of  that  muscle. 

The  posterior  aponeurosis  of  the  transversalis  muscle  extends  backwards 
between  the  last  rib  and  the  iliac  crest,  and  opposite  the  outer  border  of 
the  erector  spinse  muscle,  is  continuous  with  the  aponeurotic  structure  which 
passes  to  the  vertebral  column  in  three  layers,  commonly  named  the  pos- 
terior, middle,  and  anterior  layers  of  the  lumbar  aponeurosis.  The  posterior, 
or  most  superficial,  of  these  layers  is  that  previously  referred  to  as  being 
connected  with  the  tendons  of  the  latissimus  dorsi  and  serratus  inferior 
muscles,  and  which  is  attached  to  the  spinous  processes  of  the  vertebrte.  The 
middle  layer,  which  is  the  strongest,  is  attached  to  the  tips  and  margins  of  the 
lumbar  transverse  processes,  and  lies  between  the  erector  spinie  and  quadratus 
lumborum  muscles.  The  remaining  deepest  layer,  comparatively  thin,  passes 
m  front  of  the  quadratus  lumborum  muscle  to  the  roots  of  the  lumbar 
transverse  processes,  and  at  its  upper  part,  where  it  increases  in  thickness 
and  is  connected  with  the  last  rib,  it  forms,  as  already  mentioned,  the 
ligamentum  arcuatum  externum  of  the  diaphragm. 

The  triangularis  stcrni,  when  viewed  from  behind,  along  with  the  transversalis 
abdominis,  has  the  appearance  of  being  a  continuation  of  that  muscle  upon  the 
wall  of  the  chest,  above  the  diaphragm:  hence  tlienamc  ol  transversalis  thoracis 
which  has  sometimes  been  given  to  it. 

_  Tlio  rectris  abdominis  is  a  long  flat  muscle,  consisting  of  vertical  fibres 
situated  at  the  forepart  of  the  abdomen,  within  a  tencUnous  sheath  formed 
in  the  manner  already  described  in  the  account  of  the  aponeurosis  of  the 
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internal  oblique  muscle  ;  it  is  separated  from  the  muscle  of  the  other  side 
by  a  nan-ow  interval,  which  is  occupied  by  a  dense  fibrous  structure,  the 
Unea  alba  afterwards  described.  It  arises  from  the  upper  margin  of  the 
pubes  by  a  flat  tendon  consisting  of  two  parts,  of  which  the  internal  is  much 


Fig.  200. 


Fig.  200. — Deep  Muscles 

OP    THE     FOREPART  OP 

THE  Trunk  and  Shoul- 
der, j; 

The  explanation  of  the 
references  from  1  to  11 
has  already  been  given,  ia 
the  description  of  fig.  173. 

a,  coracoid  proce.ss  ;  b, 
sternum ;  c,  c,  cartilages 
of  the  fifth  ribs  ;  d,  ensi- 
form  portion  of  the  ster- 
num ;  e,  symphysis  pubis  ; 
/,  anterior  superior  iliac 
spine  ;  12,  on  the  fifth  and 
eighth  ribs,  near  the  in- 
sertion of  the  serratus 
magnus  ;  13,  on  the  right 
side,  the  rectus  abdominis 
completely  exposed ;  on 
tlie  left  side  13',  13',  the 
divided  ends  of  the  same 
muscle,  a  portion  being  re- 
moved ;  14,  points  to  the 
pjTamidalis  muscle  exposed 
on  the  left  side;  15,  on 
the  right  side,  the  internal 
oblique  muscle ;  15',  origin 
of  its  lower  fibres  from  the 
deep  surface  of  Poupai-t's 
ligament ;  15",  conjoined 
tendon  of  the  internal  ob- 
lique and  transversalis,  de- 
scending to  the  pectineal 
line;  between  15'  and  15", 
the  internal  or  deep  in- 
guinal aperture,  arched  over 
by  the  muscular  fibres ;  1 5, 
on  the  left  side,  cut  edge 
of  the  internal  oblique, 
shown  diagrammatically, 
to  indicate  the  manner  in 
which  its  tendon  splits  to 
form  the  sheath  of  the 
rectus  muscle;  16,  the 
tendon  or  aponeurosis  of 
the  external  oblique  muscle 
uniting  in  front  with  the 
sheath  of  the  rectus. 

the  smaller,  and  is  con- 
nected with  the  liga- 
ments   covering  the 

pubic   symphysis,  while  the  external  one  is  fixed  to  the  pubic  crest 
Expanding  and  becoming  thinner  ab  the  upper  end,  the  muscle  is  inserted 
into  the  cartilages  of  three  ribs,  the  fifth,  sixth,  and  seventh,  usually  by 
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three  distinct  parts  of  unequal  size.  Some  fibircs  also  are  generally  found 
attaclied  to  the  ensiform  cartilage.  . 

The  fibres  of  the  rectus  muscle  are  interrupted  by  three  or  more  irregular 
tendinous  intersections,  named  Unecc  transvcrsce.  The  three  which  are  most 
constant  are  placed,  one  opposite  the  umbilicus,  another  on  a  level  with  the 
ensiform  cartilage,  and  the  third  intermediately  between  them :  and  these 
generally  ran  across  the  whole  muscle.  When  one  or  two  additional  trans- 
verse lines  occur,  they  are  usuaUy  incomplete  ;  one  of  them  is  very  gene- 
rally placed  below  the  umbilicus,  the  position  of  the  other  is  variable.  The 
intersections  do  not  usually  penetrate  the  whole  thickness  of  the  muscle,  but 
are  confined  chiefly  to  its  anterior  fibres,  and  are  firmly  united  to  the  anterior 
wall  of  the  sheath  of  the  muscle,  while  the  posterior  surface  of  the  muscle  has 
no  attachment  to  the  sheath. 

The  linete  transversre  may  be  regarded  as  indications  of  the  abdominal  ribs  of  some 
of  the  lower  animals ;  they  sometimes  extend  outwards  from  the  rectus,  and  penetrate 
partially  into  the  internal  oblique. 

The  pyramidalis  is  a  small  muscle  resting  on  the  lower  part  of  the  rectus. 
It  arises  from  the  front  of  the  pubes  and  the  ligaments  of  the  symphysis, 
and  becoming  nan-ow  as  it  ascends  over  the  lower  third  of  the  interval 
between  the  umbilicus  and  pubes,  is  inserted  into  the  linea  alba. 

The  pyramidalis  is  covered  in  front  by  the  aponeurosis  of  the  other  muscles,  and 
rests  posteriorly  on  the  rectus,  the  size  of  the  lower  part  of  which  is  augmented  when 
the  pyramidalis  is  wanting. 

This  muscle  is  often  absent  on  one  or  both  sides  :  in  some  instances  it  has  been 
found  to  be  double.   It  occasionally  exceeds  the  length  above  stated. 


The  linea  alha  is  a  white  fibrous  stracture,  extended  perpendicularly 
downwards  in  the  middle  Une  from  the  ensiform  cartilage  to  the  pubes.  This 
tendinous  band  is  formed  by  the  union  of  the  aponeuroses  of  the  two 
oblique  and  the  transverse  muscles,  the  tendinous  fibres  being  continued  in 
a  decussating  manner  from  one  side  to  the  other.  Some  longitudinal 
fibres  are  distinguishable  towards  its  lower  end.  It  is  broader  superiorly 
than  inferiorly,  and  a  little  below  the  middle  is  widened  out  into  a 
circular  flat  space,  in  the  centre  of  which  is  situated  the  cicatrix  of  the 
umbilicus. 

The  linecB  semilmiares  are  the  two  curved  linear  spaces  on  the  surface  of 
the  abdomen,  placed  externally  to  the  outer  margins  of  the  recti  muscles. 
They  are  produced  by  the  absence  of  muscular  fibres  behind  that  part  of 
the  aponeurotic  tendons  ;  they  correspond  on  their  inner  side  to  the  outer 
margin  of  the  sheath  of  the  rectus,  and  on  their  outer  side  mainly  to  the 
line  of  termination  of  the  fibres  of  the  oblique  muscles  in  their  aponeuroses. 

The  quadratus  lumhorum  is  an  irregularly  quadrilateral  muscle,  slightly 
broader  below  than  above,  placed  between  the  last  rib  and  the  crest  of  the 
ilium,  close  to  the  vertebral  column.  It  is  divisible  into  two  parts.  One 
of  these,  arising  by  fleshy  and  tendinous  fibres  from  the  ilio-lumbar  ligament, 
and  from  the  iliac  crest  for  several  inches  near  the  place  where  that  ligament 
is  attached,  is  inserted  into  the  inferior  border  of  the  last  rib  for  about  half 
its  length,  and  by  four  tendinous  slips  into  the  transverse  processes  of  the. 
four  superior  lumbar  vertebrre.  Another  scries  of  fibres,  arising  by  two  or 
three  tendinous  slips  from  as  many  of  the  inferior  transverse  processes  at 
their  upper  margins,  passes  in  front  of  those  inserted  into  tho  same  processes, 
and  joins  with  tlie  part  of  the  muscle  attached  to  the  rib. 
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PvJ^n!  P"'""^'      insertion  of  this  muscle  to  the  vertebra;,  and  the 

a^taoW  "^''f  '"''^'^  ^""^^  ^^''y  ^"  '^'^^'-"''^  instances.  It  is  sometimes 
attaciied  to  the  body  or  transverse  process  of  the  last  dorsal  vertebra. 

11118  muscle  IS  placed  between  the  middle  and  deepest  layer  of  the  lumbar  aponeu- 
rosis, and  Its  inner  part  is  covered  in  front  by  the  psoas  muscle. 

Fig.  201. 


Fig.    201.  — DiAGKAM  OF  A  TRANSVERSR  SECTION  OP  THE  WaLL  OP  THE  AbDOMEN,  TO 

show  the  connections  op  the  lumbar  and  abdominal  aponeuhoses,  and  the 
Sheath  op  the  Keotus  Mdsolb. 

A,  at  the  level  of  the  third  lumbar  vertebra;  B,  the  fore  part,  at  a  few  inches  above 
the  pubes. 

a,  spinous  process  of  the  third  lumbar  vertebra  ;  h,  body  ;  1,  section  of  the  external 
oblique  muscle  ;  2,  internal  oblique  ;  3,  transversal  is  ;  4,  a  dotted  line  to  mark  the 
position  of  the  fascia  lining  the  abdomen  ;  5,  5,  in  A,  the  anterior  and  posterior  parts  of 
the  sheath  of  the  rectus,  formed  by  the  aponeurosis  of  the  internal  oblique  splitting  at  its 
outer  edge  2' ;  6,  points  by  two  Hues  to  the  section  of  the  rectus  muscle  in  A  and  B; 
7,  innermost  layer  of  the  lumbar  aponeurosis,  covering  in  front  the  quadratus  lumborum, 
and  passing  to  the  root  of  the  transverse  process  ;  8,  points  to  the  section  of  the  psoas 
magnus  and  parvus  muscles;  9,  the  section  of  the  erectores  spinse  muscles;  S)  +  ,  the 
middle  layer  of  the  lumbar  aponeurosis  passing  to  the  extremity  of  the  transverse  process ; 
10,  10  +  ,  the  posterior  layer  of  the  lumbar  aponeurosis,  connected  with  the  latissimus 
and  serratus  inferior  :  in  A,  at  the  sheath  of  the  rectus,  the  aponeurosis  of  the  external 
oblique  is  seen  to  unite  in  front  with  the  sheath,  while  that  of  the  transversalis  is  seen 
uniting  with  it  behind  :  in  B,  the  section  is  taken  below  the  semilunar  fold  of  Douglas, 
where  all  the  tendons  pass  in  front  of  the  rectus  as  at  5' ;  the  +  near  this,  and  in  a 
similar  place  in  A,  marks  the  middle  line  and  the  place  of  the  union  of  the  several 
aponeuroses  in  the  linea  alba. 


Actions. — The  abdominal  muscles  not  only  form  a  great  part  of  the  wall  to  enclose 
and  support  the  abdominal  viscera,  but  by  their  contractions  are  capable  of  acting 
successively  on  those  viscera,  on  the  thorax,  and  on  the  pelvis.  When  the  pelvis  and 
thorax  are  fixed,  the  abdominal  muscles  constrict  the  cavity  and  compress  the  viscera, 
particularly  if  the  diaphragm  be  fixed  or  be  made  to  descend  at  the  same  time,  as 
occurs  in  vomiting  and  in  the  expulsion  of  the  foetus,  the  fa3ccs,  and  the  urine. 
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If  the  vertebral  column  be  fixed,  these  muscles  press  up  the  diaphragm,  draw 
down  the  ribs,  and  contract  the  lower  border  of  the  thorax,  and  so  contribute 
to  expiration;  but  if  the  vertebral  column  be  not  fixed,  the  thorax  will  be  bent 
directly  forwards,  when  the  muscles  of  both  sides  act,  or  rotated  to  eitlier  side, 
should  they  act  alternately.  Thus,  if  the  external  oblique  of  the  right  side  be 
made  to  act  on  the  thorax,  the  first  cflect  appears  to  be  that  of  drawing  its 
margin  down  towards  the  pelvis;  but,  if  the  effort  bo  continued,  the  trunk 
will  be  rotated  towards  the  opposite  side.  The  left  internal  oblique  may  co- 
operate in  this  action,  for  the  dii-cction  of  its  fibres  coincides  with  that  of  the  right 
external  oblique. 

If  the  thorax  be  fixed,  the  abdominal  muscles  may  be  made  to  act  on  the  pelvis ; 
thus,  in  the  action  of  climbing,  the  trunk  and  arms  being  elevated  and  fixed,  the 
pelvis  is  drawn  upwards,  cither  directly  or  to  one  side,  as  a  preparatory  step  to  the 
elevation  of  the  lower  limbs. 

The  attachment  of  the  tendinous  intersections  of  the  rectus  muscle  to  the  anterior 
wall  of  its  sheath,  causes  the  formation  of  corresponding  transverse  folds  during  its 
contraction,  and  may  enable  the  separate  parts  of  the  muscle  to  act  on  dififerent 
portions  of  the  abdominal  wall.  By  the  same  arrangement,  when  the  oblique  and 
transverse  muscles  contract,  the  breadth  of  the  recti  will  be  maintained  and  even 
increased;  and  these  muscles  will  thus  be  enabled,  both  in  the  straight  and  in  the 
incurved  position  of  the  abdominal  wall,  more  effectually  to  compress  the  abdominal 
viscera.   The  pyramidalis  muscle  assists  the  inferior  part  of  the  rectus. 


FASCIiE  OF  THE  ABDOMEN. 


The  superficial  fascia  of  the  abdomen  is  usually  described  as  consisting  of 
two  layers.    One  of  these,  the  subcutaneous  layer,  corresponds  in  its  general 
features  -with  the  areolar  subcutaneous  tissue  of  other  parts  of  the  body, 
and  contains  embedded  in  it  a  very  variable  and  often  large  quantity  of  fat. 
The  other,  or  deeper  layer,  is  of  a  denser  and  more  membranous  structure, 
contains  a  considerable  amount  of  yellow  elastic  tissue  in  its  substance,  and 
is  united  by  intervening  fibres,  in  some  places  very  closely,  to  the  aponeurosis 
of  the  external  obhque  muscle.    These  two  layers  are  both  continuous  with 
the  superficial  fascia  on  other  parts  of  the  trunk  :  they  can  be  dissected  as 
distinct  layers  only  on  the  fore  part  of  the  abdomen,  and  are  separated  in  a 
more  marked  manner  in  the  lower  part  of  its  wall,  where  subcutaneous  ves- 
sels, such  as  the  superficial  epigastric  and  circumflex  iliac  lie  between  them. 
The  deep  or  elastic  layer  of  the  superficial  fascia  is  bound  down  by  a  thin 
but  dense  intervening  layer  of  fibrous  tissue  to  the  aponeurosis  of  the 
external  oblique  muscle  in  two  places  more  particularly,  viz.,  along  the  linea 
alba  from  the  umbilicus  to  the  pubes,  and  in  the  whole  length  of  Poupart's 
ligament.    At  the  lower  part  of  the  linea  alba  it  sends  fibrous  and  elastic 
processes  towards  the  dorsum  of  the  penis,  which  form  its  so- called  sus- 
pensory ligaments.     By  its  close  union  to  Poupart's  ligament,  it  comes  into 
relation  with  the  fascia  lata  of  the  thigh  which  is  also  united  to  that  struc- 
ture :  but  in  the  neighbourhood  of  the  external  inguinal  aperture  it  remains 
free,  and  is  prolonged  downwards  over  the  spermatic  cord  to  the  scrotum. 
The  subcutaneous  layer,  losing  its  fat,  is  combined  with  the  deeper  layer  as 
they  both  pass  to  the  scrotum,  and  here  the  layer  which  they  form  acquires 
a  reddish  brown  colour,  and  undergoes  a  modification  in  structure  by  beino^ 
mingled  largely  with  involuntary  muscular  fibres,  and  thus  forms  the  dartos 
tunic  of  the  scrotum.    Some  involuntary  muscular  fibres  also  exist  in  the 
altered  superficial  fascia  which  covers  the  penis.    This  covering,  on  leaving 
the  scrotum  posteriorly,  becomes  continuous  with  the  superficial  fascia  o'f 
the  perineum. 
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The  parts  of  the  superficial  fascia  here  described  have  received  minute  attention 
from  surgical  anatomists,  because  of  their  close  relation  to  the  seat  of  hernial 
tumours :  the  adhesion  of  the  fascia  to  Poupart's  ligament,  and  its  disposition  over 
the  inguinal  aperture,  spermatic  cord,  and  scrotum,  while  they  prevent  the  descent 
upon  the  thigh  of  matter  which  has  been  efFused  beneath  the  fascia,  cause  it  rather  to 
spread  upwards  upon  the  abdomen  or  to  take  its  course  downwards  upon  the  scrotum. 

The  deep  layer  of  the  abdominal  fascia  is  also  interesting,  as  corresponding  with 
the  tunica  ahdominalis,  a  strong  membrane  consisting  almost  entirely  of  yellow 
elastic  tissue,  which  exists  in  animals,  as  may  be  well  seen  in  the  horse  or  ox,  and 
which  contributes  to  the  support  of  the  viscera. 


Lining  membrane  of  the  abdomen. — On  the  inner  surface  of  the  wall  of 
tlio  atdomDn  is  a  membranous  structure  which  lines  the  visceral  aspect  of 
the  deepest  stratum  of  muscles  :  it  is  divisible  into  two  principal  parts, 
the  fascia  transversalis  and  fascia  iliaca. 

The  fascia  transversalis  is  named  from  its  position  on  the  deep  surface  of 
the  transversalis  muscle.  It  is  strongest  and  most  clearly  demonstrable  in 
the  lower  part,  where  the  muscular  and  tendinous  support  is  somewhat 
weaker  ;  and  here  also  it  is  of  particular  interest,  on  account  of  its  forming 
one  of  the  coverings  for  inguinal  hernia.  Followed  upwards  from  this 
situation  the  transversalis  fascia  becomes  gradually  less  strong,  and  beyond  the 
margin  of  the  ribs  it  degenerates  into  a  thin  covering  for  the  under  surface 
of  the  diaphragm.  Along  the  inner  surface  of  the  iliac  crest,  between  the 
iliacus  and  transversalis  muscles,  the  fascia  is  attached  to  the  periosteum. 
For  about  two  inches  inwards  from  the  anterior  superior  iliac  spine,  it  is 
closely  connected  with,  the  posterior  surface  of  Poupart's  ligament,  and  is 
there  directly  continuous  with  the  fascia  iliaca,  a  white  line  sometimes  mark- 
ing the  place  of  continuity.  At  this  place  also,  and  to  the  same  extent,  the 
fascia  lata  is  closely  united  with  both  the  fascia  transversaUs  and  Poupart's 
ligament,  which  thus  serves  as  a  line  of  union  of  several  layers  of  fascia. 
About  midway  between  the  iliac  spine  and  the  pubes,  the  external  iliac 
artery  and  vein,  as  they  pass  out  into  the  thigh,  intervene  between  the  fascia 
transversalis  and  the  fascia  iliaca,  and  from  this  point  to  the  edge  of  Gim- 
bernat's  ligament  the  fascia  transversalis  is  prolonged  downwards  under  the 
crural  arch,  and  over  the  artery  and  vein,  forming  the  anterior  portion  of 
the  funnel-shaped  femoral  sheath.  This  prolongation  of  the  fascia  trans- 
versalis passes  xindev  Poupart's  ligament,  and  is  not  very  closely  united 
with  it  :  it  is  strengthened  by  a  dense  band  of  fibres  which  arches  over 
the  vessels,  and  is  inserted  into  the  pubic  crest  and  pectineal  line  behind 
the  conjoiiied  tendon  of  the  transversahs  and  internal  oblique.  This 
band  is  sometimes  called  the  deejj  crural  arch.  It  includes  beneath  it, 
internal  to  the  vessels,  a  space  between  Gimbemat's  ligament  and  the 
vein,  sufficiently  large  to  admit  the  point  of  the  little  finger  ;  this  is 
called  the  cr^l,ral  ring,  and  is  the  space  through  which  femoral  hernia 
descends.  About  half  way  between  the  anterior  superior  iliac  spine  and 
the  symphysis  pubis,  and  about  half  an  inch  above  Poiipart's  liga- 
ment, the  spermatic  cord  in  the  male,  or  the  round  ligament  in  the  female, 
pierces  the  fascia  transversalis.  The  opening  thus  made  is  called  the  internal 
or  deep  abdominal  ring,  to  distinguish  it  from  the  external  or  superficial 
rino-  in  the  aponeurosis  of  the  external  oblique  muscle  ;  the  fascia  above  and 
internal  to  it  is  thin,  but  below  and  external  to  it  is  firm  and  thick,  and 
forms  a  distinct  crescentic  margm,  over  which  the  cord  or  round  ligament 
passes  ;  from  the  borders  of  the  opening  a  delicate  funnel-shaped  covermg, 
the  infimdibuliform  fascia,  is  prolonged  downwards  on  the  emergmg  struc- 
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ture,  and  forms  in  cases  of  obliquo  hernia  one  of  tlie  coverings  of  the 
tumour. 

The  fascia  iliaca,  more  limited  in  extent,  but  stronger  than  the  fascia 
transvcrsalis,  lines  the  back  part  of  the  abdominal  cavity,  and  covers  not 
only  tlie  muscle  from  which  it  derives  its  name,  but  also  the  psoas.  The 
densest  portion  of  its  fibres  is  stretched  transversely  from  the  iliac  crest, 
over  the  margin  of  the  psoas  muscle  to  the  brim  of  the  pelvis,  where  it  is 
intimately  blended  with  the  periosteum.  Superiorly,  this  membrane,  be- 
coming much  weaker,  is  connected  internally  with  the  sacrum,  and  by 
smixU  and  distinct  processes  with  the  intervertebral  substances  and  the 
neighbouring  margins  of  the  lumbar  vertebras  ;  and  finally  it  becomes 
blended  Avith  the  ftiscia  which  covers  the  diaphragm  and  forms  the  liga- 
mentum  arcuatum  externum.  The  external  iliac  vessels  Ue  in  front 
of  this  part  of  the  iliac  fascia.  To  the  outer  side  of  those  vessels,  the 
fascia  tui-ns  forwards  to  be  connected  with  Poupart's  ligament  and  the 
fascia  transvcrsalis,  as  already  described  ;  to  the  inner  side  of  the  femoral 
vein  it  is  attached  to  the  ilio-pectineal  line,  where  also  the  fascia  lata,  being 
traced  upwards,  is  foimd  to  terminate  ;  and  between  these  two  points, 
namely,  behind  the  femoral  vessels,  it  continues  downwards  over  the  margin 
of  the  pelvis,  forming  the  back  part  of  the  sheath  of  those  vessels,  in  the 
same  manner  as  its  fore  part  is  formed  by  the  fascia  transvcrsalis. 

The  psoas  parvus  is  closely  connected  with  the  iliac  fascia,  by  means  of 
an  exiDansion  of  its  tendon. 

At  the  back  part  of  the  abdomen  is  the  aponeurosis  of  the  quadratus 
lumborum  muscle,  forming  the  anterior  layer  of  the  lumbar  aponeurosis ; 
this,  together  with  the  posterior  and  middle  layers,  has  been  already 
described  along  with  the  transvcrsalis  muscle,  with  the  aponeurotic  origin  of 
which  they  are  all  connected. 


FASCIiE  or  THE  PERINiEUM. 

As  a  knowledge  of  the  disposition  of  the  fasciae  of  the  perinseum  and 
pelvis  assists  the  comprehension  of  the  attachments  and  relations  of  the 
muscles  of  those  regions,  the  fasciae  will  here  be  first  described. 

Superficial  Fascia. — In  the  posterior  half  of  the  perinseum  the  sub- 
cutaneous fat  is  continued  deeply  into  the  ischio-rectal  fossa,  the  pyramidal 
space  intervening  between  the  obturator  fascia  and  the  levator  ani  muscle. 
In  the  anterior  half  of  the  perinseum,  beneath  the  subcutaneous  fat,  is  placed 
a  special  layer  of  fascia,  continuous  with  the  dartos,  the  j^roj^er  superficial 
perineal  fascia,  sometimes  called  fascia  of  Colics.  This  fascia  is  bound  down 
on  each  side  to  the  margm  of  the  pubic  arch  as  far  back  as  the  ischial  tuber- 
osity ;  posteriorly,  along  a  line  from  the  ischial  tuberosity  to  the  central 
point  of  the  perinseum,  it  turns  round  the  posterior  margin  of  the  trans- 
versus  perinnei  muscle  to  join  the  sub-pubic  fascia,  to  be  presently  described. 
From  its  deep  surface  likewise,  an  incomplete  septum  in  the  middle  line 
dips  down  to  the  urethra  and  passes  forwards  into  the  scrotum.  It  thus 
happens  that  air  blown  in  beneath  the  proper  perinaaal  fascia  on  one  side 
passes  forwards  and  distends  the  scrotum  to  a  certain  extent  on  that  side ;  it 
may  then  penetrate  to  the  other  also,  and  if  injected  with  suflicient  force 
may  reach  the  front  of  the  abdomen  and  travel  upwards  beneath  the  super- 
ficial fascia  ;  but  it  neither  passes  backwards  to  the  posterior  half  of  the 
permreum  nor  down  upon  the  thighs.  The  same  course  is  followed  by  urine 
or  matter  extravaaated  beneath  the  proper  perinceal  fascia. 

s  2 
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FASCIiE  OF  THE  PERINiEUM  AND  PELVIS. 


.  The  deep  perinceal  or  sub-puhic  fascia  is  stretclied  across  the  pubic  arch 
on  the  deep  surfivce  of  the  crura  of  the  peuis  and  the  bulb  of  the  urethra. 
It  consists  of  two  distinct  layers  of  strong  fibrous  membrane,  separated  by 
intervening  structures.  The  anterior  layer,  or  triangular  ligament  of  the 
urethra,  attached  to  the  inferior  margin  of  the  symphysis  pubis  and  to  the 
rami  of  the  pubic  and  ischial  bones,  and  extendmg  in  the  middle  line  back 
to  the  central  point  of  the  perinasum,  is  perforated  about  an  inch  from  the 
symphysis  by  the  urethra,  immediately  before  its  expansion  into  the  bulb, 
and  above  and  in  front  of  this  by  the  dorsal  vein  of  the  penis  in  the 
middle  lino,  and  by  the  pudic  arteries  and  nerves  on  each  side.  At  its 
posterior  and  inferior  extremity  it  is  connected  with  the  deep  layer, 
and  with  the  recurved  margin  of  the  periuoeal  fascia.  Between  the  two 
layers  of  the  subpubic  fascia  are  placed  the  membranous  portion  of  the 
urethra,  the  deep  transverse  and  constrictor  muscles  of  the  urethra,  and 
Cowper's  glands,  together  with  the  pudic  arteries  and  nerves  and  the  arteries 
of  the  bulb.  The  deep  layer  consists  of  a  right  and  left  lateral  half,  which 
are  separated  in  the  middle  line  by  the  urethra,  close  to  the  neck  of  the 
prostate,  and  are  continued  into  the  capsule  of  that  gland.  This  layer 
of  fascia  is  superficial  to  the  anterior  fibres  of  the  levator  ani  muscle, 
which  lie  between  it  and  the  pelvic  fascia,  and  is  connected,  not  only  Avith 
the  superficial  layer,  but  likewise  with  a  thin  web  of  areolar  tissue  which 
lies  on  the  surface  of  the  levator  ani  muscle,  and  is  distinguished  as  the 
anal  fascia. 

In  the  female  the  sub-pubic  fascia  is  divided  in  tho  middle  by  the  vagina. 


FASCIA  OF  THE  PELVIS. 

The  fascia  lining  the  pelvis  is  described  in  three  parts,  viz.,  the  upper 
parb,  or  undivided  pelvic  fascia,  and  the  two  lower — the  i-ecto-vesical  fascia, 
and  the  obturator  fascia.  The  first  of  these  is  divided  into  the  other  two 
at  the  level  of  a  white  band  of  fibres,  stretched  from  the  lower  part  of  the 
symphysis  pubis  to  the  spine  of  the  ischium.  The  space  between  those  two 
fascice  is  occupied  by  the  levator  ani  and  the  fat  and  other  contents  of  the 
ischio-rectal  fossa. 

a.  The  pelvic  fascia  is  attached  at  the  side  superiorly  for  a  short  space  to 
the  brim  of  the  pelvis,  but  in  front  of  the  line  of  its  osseous  attachment  it 
inclines  dowmwards  towards  the  lower  part  of  the  symphysis  pubis,  following 
the  margin  of  the  obturator  internus  muscle.  Anterior  to  the  spine  of  the 
ischium,  it  lies  between  the  obturator  internus  and  the  peritoneum,  and  at 
the  back  part  of  the  pelvis  is  continued  as  a  thin  membrane  over  tho 
pyriformis  muscle  and  the  sacral  nerves,  and  is  perforated  by  branches  of 
the  internal  iliac  artery  and  vein. 

b.  The  recto-vesical  fascia  is  the  dii-ect  continuation  of  the  pelvic  fascia 
downwards  and  inwards  to  the  viscera,  below  the  level  of  the  white  line 
previously  mentioned  ;  it  descends,  immediately  in  contact  with  the  inner 
surface  of  the  levator  ani  muscle,  to  the  prostate  gland,  the  urinary  bladder, 
and  the  rectum.  On  reaching  those  organs  it  spreads  over  them,  and 
to  some  extent  encases  them.  Close  to  the  symphysis  pubis,  a  short  baud 
is  directed  backwards  above  the  prostate  gland,  to  the  bladder,  with  which 
it  is  intimately  connected.  A  similar  band  exists  at  the  opposite  side  of 
the  symphysis  pubis,  and  the  two  are  separated  by  a  narrow  depression  in 
which  the  dorsal  veins  of  the  penis  Ue,  after  entering  tho  pelvis.  Iho 
bands  in  ciuestiou  are  named  the  anterior  true  ligaments  of  the  unnary 
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bladder.  At  tlie  place  where  it  is  reflected  inwards  to  the  side  of  the 
bladder,  it  forms  the  lateral  true  vesical  ligament.  At  the  side  of  the 
bladder  and  prostate,  the  recto-vcsical  fascia  gives  a  prolongation  forwards 
on  the  veins  (prostatic)  which  cover  the  prostate,  and  is  firmly  adherent  to 
the  capsule  of  that  organ,  except  at  its  base,  where  an  angular  furrow, 
occupied  by  large  veins,  exists  between  the  prostate  and  bladder.  Into  thi-i 
furrow  the  incision  for  lithotomy  ought  not  to  extend,  on  account  of  the 
danger  from  wounding  the  veins  and  from  the  infiltration  of  urine.  A 
portion  of  the  recto-vesical  fascia  invests  the  vesiculae  seminales,  and  is 
extended  across  between  the  bladder  and  the  rectum  ;  continuing  into 
the  membrane  of  the  opposite  side,  it  supports  the  bladder,  and  separates 
that  organ  from  the  intestine.  On  the  rectum  the  ftiscia  is  also  reflected 
upwards  and  downwards,  gradually  degenerating  into  a  thin  membrane  over 
the  surface  of  the  bowel,  as  it  likewise  does  on  the  bladder. 

c.  The  obturator  fascia  is  a  membrane  stretched  over  the  lower  part  of 
the  surface  of  the  obturator  internus  muscle  within  the  pelvis.  It  is 
connected  superiorly  vrith  the  white  band  before  referred  to,  which  consists 
indeed  of  its  superior  fibres,  ahd  it  is  attached  in  the  rest  of  its  circumference 
to  the  rami  of  the  pubis  and  iscliium,  the  ischial  tuberosity,  and  the  greater 
and  lesser  sacro-sciatic  ligaments.  It  lies  between  the  obturator  internus 
muscle  and  the  ischio-rectal  fossa,  and  presents  in  its  substance  towards 
the  muscle  a  canal,  which  contains  the  internal  pudic  artery  and  nerve  in 
their  course  to  the  perinseum. 

The  obturator  fascia  is  sometimes  included  in  the  description  of  the  pelvic  fascia 
while  the  recto-vesical  is  considered  as  an  offset  from  it.  It  will  be  found,  however, 
on  dissection,  that  the  recto-vesical  fascia  is  always  most  directly  continuous  with  the 
pelvic  fascia,  and  that  the  obturator  fascia  is  only  loosely  connected  with  it.  Indeed, 
the  fibres  of  the  levator  ani  muscle  in  most  cases  pass  upwards  to  some  extent  beyond 
the  white  line,  and  thus  separate  the  obturator  from  the  pelvic  fascia. 

The  iscJdo-rectal  fossa  is  a  pyramidal  space  occupied  by  subcutaneoiis  fat. 
It  is  bounded  externally  by  the  obturator  fascia,  posteriorly  by  the  gluteus 
maximus  muscle  and  great  sacro-sciatic  ligament,  and  internally  by  the 
recto-vesical  fascia ;  anteriorly,  its  base  is  limited  by  the  margin  of  the 
perinseal  and  the  sub-pubic  fasciae. 

In  the  female  the  pelvic  fascia  is  connected  with  the  vagina  in  the  same 
manner  as  with  the  other  pelvic  organs. 


I.IUSOLES  OF  TH12  PERINiEUM. 

The  muscles  of  the  perinseum  difi"er  somewhat  in  the  two  sexes,  and  must 
tlierefore  bo  separately  described  in  each.  In  both  sexes  they  may  be 
divided  into  tAvo  groups  according  as  they  are  more  immediately  connected 
with  the  lower  orifice  of  the  alimentary  canal  or  with  the  genito-urinary 
outlet.  In  both  groups  superficial  and  deep  muscles  are  to  be  distin- 
guished. 


A. — IN  THE  MALE. 

a.  ' 


Anal  Grottp. — Tlie  internal  or  circular  sphincter  is  a  thick  v'm<r  of 
unstnped  muscle  connected  with  the  lowest  circular-  fibres  of  the  rectum 
which  will  fall  more  natm-ally  to  be  considered  along  with  the  anatomy  of 
that  organ. 
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MUSCLES  OF  THE  TERINiEUM. 


^  The  supcrjlcial  or  external  sphincter  is  a  thia  layer  of  fibres  placed 
immediately  beneath  the  skin  surrounding  the  margin  of  the  anus.  It 
13  elUptical  in  form,  about  half  an  inch  in  breadth  on  each  side  of  the 
anus,  and  is  attached  posteriorly  by  slight  tendon  to  the  tip  and  back  of 
the  coccyx  ;  passing  forwards  on  each  side  of  the  anus,  it  becomes  blended 
anteriorly  with  the  transverse  and  the  bulbo-cavernosus  muscles  at  the 
central  point  of  the  perincBum,  a  name  given  to  the  depressed  spot  situated 
m  the  male  between  the  anus  and  the  bulb  of  the  lurethra,  and  in  the  female 
between  the  anus  and  vulva. 


Fig.  202. 


Fig.  202.— Superficial  view  op 
THE  Muscles  op  the  Perinjjcm 
IN  THE  Male  (modified  from 
Bourgery).  ^ 


a,  crest  of  the  pubis ;  the  penis 
cut  short  at  this  place  ;  b,  coccyx  ; 
c,  placed  on  the  tuberosity  of  the 
ischium,  points  by  the  line  to  the 
greater  sacro-sciatic  ligament  ;  x , 
placed  within  the  anus  ;  1,  placed 
on  the  spongy  body  of  the  urethra, 
in  front  of  the  bulbo-cavernosus 
muscles  ;  2,  placed  on  the  central 
point  or  tendon  of  the  perinseum, 
marks  the  posterior  extremity  of  the 
same  muscles  ;  3,  ischio-cavernosus  ; 
4,  transversus  perinsei ;  5,  levator 
ani  ;  from  2  to  h,  elliptical  sphincter 
of  the  anus  ;  surrounding  x ,  the 
circular  sphincter  is  indicated  ;  6, 
coccygeus  muscle  ;  7,  adductor  lon- 
gus  ;  8,  gracilis ;  9,  adductor  mag- 
nus  ;  10,  semitendinosus  and  biceps  ; 
11,  on  the  left  side,  the  gluteus  maxi- 
mus  entire  ;  11',  the  same  cut  on  the 
right  side,  so  as  to  expose  a  part  of  the  coccygeus  muscle. 


The  levator es  ani  and  coccygei  are  two  expanded  muscles  continuous  one 
with  the  other,  which  together  form  a  floor  of  support  for  the  pelvic  viscera, 
and  close  in  a  great  measure  the  lower  orifice  of  the  pelvis. 

The  levator  ani  arises  in  front  from  the  posterior  surface  of  the  pubes, 
near  the  symphysis  and  midway  between  its  upper  and  lower  borders  ; 
behind  from  the  spine  of  the  ischium,  and  between  those  points  from  the 
pelvic  fascia  along  the  line  of  attachment  of  the  obturator  fascia.  Some  of 
its  fibres  are  also  traceable  upwards  in  the  substance  of  the  pelvic  fascia 
above  the  level  of  the  obturator. 

From  this  extensive  origin  the  fibres  of  the  levator  proceed  downwards 
and  inwards  towards  the  middle  line  of  the  floor  of  the  pelvis.  Its  posterior 
fasciculi  are  inserted  upon  the  side  of  the  lower  end  of  the  coccyx  ;  the. 
bundles  immediately  in  front  of  the  coccyx  unite  in  a  median  raph^  with 
those  of  the  opposite  sides  as  far  forward  as  the  margin  of  the  anus ;  the 
middle  and  larger  portion  of  the  muscle  is  prolonged  upon  the  lower  part  of 
the  rectum,  where  it  is  connected  with  the  fibres  of  the  external  sphincter, 
and  slightly  with  those  of  the  internal  ;  and  lastly,  the  anterior  muscular 
bundles  pass  betweeji  the  rectum  and  the  geuito-urinavy  passages,  and 
descending  upon  the  side  of  the  prostate,  unite  beneath  the  neck  of  the 
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bladder,  tHe  prostate,  and  tlio  neighbouring  part  of  the  urethra,  with  cor- 
responding fibres  from  the  muscle  of  the  opposite  side,  and  blend  also  with 
those  of  the  external  sphincter  and  deep  transverse  perinoeal  muscles. 

The  anterior  portion  of  the  levator  ani,  which  arises  from  the  ramus  of 
the  pubes,  close  to  the  symphysis  and  above  the  pubic  arch,  and  also  from 
the  adjacent  fascire,  is  sometimes  separated  at  its  origin  by  areolar  tissue 
from  the  rest  of  the  muscle.  From  this  circumstance,  and  from  its  connec- 
tion with  the  prostate  gland,  it  was  described  by  Sautorini,  and  since  by 
Albinus  and  Sosmmerring,  as  a  distinct  miiscle,  under  the  name  of  the 
levator  prostatce.     Its  fibres  pass  backwards  parallel  with  the  middle  line. 

The  upper  or  pelvic  surface  of  the  levator  ani  is  in  contact  with  the  recto-vesical 
fascia,  the  capsule  of  the  prostate,  and  the  lower  end  of  the  rectum.  The  under,  or 
perinoeal  surface,  invested  by  the  thin  anal  fiiscia,  is  covered  by  the  fat  which  occupies 
the  ischio-rectal  fossa.   The  posterior  border  is  continuous  with  the  coccygcus. 


Fig.  203. — Left  half  of  the  Male 
]Pelvis,  to  snow  the  Levator  Ani  and 
CocoTGEUs  Muscles  (after  Cloquet).  ^ 

a,  the  promontory  of  the  sacrum  ;  6, 
tlie  crest  of  the  pubis ;  c,  the  last  bone  of 
the  coccyx ;  d,  the  spine  of  the  ischium  ; 
e,  the  symphysis  pubis  ;  /,  a  small  portion 
of  the  anal  part  of  the  rectum  ;  g,  half 
the  prostate  gland  ;  h,  half  the  bulb  and 
a  portion  of  the  penis  with  the  urethi-a, 
&c.  ;  1,  upper  part  of  the  obturator  in- 
ternus  muscle  exposed  by  removing  from 
within  it  the  pelvic  fascia  ;  2,  coccygeus 
muscle,  and  above  it  and  between  it  and  d, 
the  sacro-sciatic  ligaments  ;  3,  inner  surface 
of  the  levator  ani ;  the  white  line  extending 
between  d  and  e,  shows  the  place  of  its 
origin  from  the  fascia  of  the  pelvis  ;  below 
is  shown  the  descent  of  its  fibres  to  the  anus 
and  to  the  portions  of  the  perinseum  before 
and  behind  it. 


Fig.  203. 


The  coccygeals  muscle  is  composed  of  fleshy  and  tendinous  fibres,  forming 
a  thin,  flat,  and  triangular  sheet,  which  arises  by  its  apex  from  the  spine  of 
the  ischium  and  the  lesser  sciatic  ligament,  and  is  attached  along  its  base  to 
the  border  of  the  coccyx  and  the  lower  part  of  the  sacrum.  The  fibres  of 
this  muscle  diverge  as  they  approach  the  middle  line,  while  those  of  the 
levator  ani  rather  converge  as  they  descend. 

The  internal  or  pelvic  surface  of  this  muscle  assists  in  supporting  the  rectum  •  its 
external  or  under  surface  rests  on  the  front  of  the  sacro-sciatic  ligaments,  and  on  the 
gluteus  maximus  muscle. 

The  Icvatores  ani  and  coccygci  muscles  together  have  been  named  somewhat  appro 
pnatcly  by  Meyer,  the  pelvic  diaphragm.  ^  ^ 

b  Genito  -urinaby  Gkoup.  -Covered  by  the  special  fascia  of  the  perlnroum 
arc  three  muscles,  placed  superficially-the  transverse  (superficial  transverse), 
the  ischio-cavernosus  and  the  bulbo-cavernosus ;  while  situated  more  deeply 
Ween  the  .superficial  and  deep  layers  of  the  sub-pubic  fascia,  are  the  deep 
transverse  muscle  and  the  constrictor  of  the  urethra,  sometimes  describe 
M  one  muscle  under  the  name  of  compressor  of  the  urethra 
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MUSCLES  OF  THE  PERINiEUM. 


The  transversus  perincei  muscle"  arises  from  tlie  inner  surface  of  the  pubic 
arch,  near  the  ischial  tuberosity,  and  is  directed  obliquely  forwards  and 
inwards  to  unite  with  the  muscle  of  the  opposite  side,  as  well  as  with  the 
sphincter  ani  and  bulbo-cavemosus  at  the  central  point  of  the  perinieum. 
It  lies  immediately  in  front  of  the  Une  where  the  perinceal  dips  back  to  join 
the  sub-pvibic  fascia.  It  is  sometimes  absent,  and  at  other  times  one  or 
more  small  muscular  slips  are  found  lying  on  the  same  plane  with  it,  in 
front  or  behind. 

The  ischio-cavernosus,  or  erector  penis  muscle,  embracing  the  crus  penis, 
arises  from  the  inner  part  of  the  tuber  ischii,  behind  the  extremity  of  the 
crus  penis,  and  from  the  pubic  arch  along  the  inner  and  outer  sides  of 
the  crus.  From  this  origin  the  fleshy  fibres  are  directed  forwards  to  a 
tendinous  expansion  which  is  spread  over  the  lower  surface  of  the  crus  penis, 
and  is  inserted  into  the  under  and  outer  surfaces  of  that  body  towards  the 
fore  part. 

This  muscle  serves  to  compress  the  crus  penis,  with  which  its  tendinous  fibres  an; 
blended,  and  thus  it  contributes  to  produce,  or  at  least  to  maintain,  the  erection  of  the 
penis. 

The  muscles  of  the  two  sides  have  been  described  by  Krause  as  in  some  cases  con- 
nected by  a  thin  tendinous  expansion,  which,  according  to  that  anatomist,  extends 
along  the  outer  side  of  the  penis  over  the  dorsal  surface  of  the  organ,  and  at  the  same 
time  over  the  vessels  lying  upon  it  (Mliller's  Archiv,  1832) :  but  this  connection 
between  the  muscles  has  been  in  vain  sought  for  by  Theile  and  by  Kobelt  (Die  miinn- 
lichen  und  weiblichen  Wollust-Organe,  1844).  By  Houston  there  have  also  been 
described  (Dublin  Hosp.  Eeports,  vol.  v.),  under  the  name  of  compressores  venoe- 
dorsalis  penis,  two  slips  of  muscle,  separated  from  the  erectores  penis  on  each  side 
by  an  interval,  though  apparently  belonging  to  them.  They  are  said  to  arise  from 
the  pubic  arch,  above  the  origin  of  the  erector  muscles  and  the  crura  of  the  penis, 
and,  passing  upwards  and  forwards,  are  inserted  above  the  dorsal  vein,  by  joining  each 
other  in  the  middle  line.  These  muscles,  which  are  well  developed  in  the  dog  and 
several  other  animals,  are  by  no  means  constant  in  the  human  subject. 


The  bulho-cavernosus,  accelerator  urinse,  or  ejaculator  seminis,  may  be 
considered  as  a  single  muscle,  consisting  of  two  symmetrical  parts. 

The  fleshy  fibres  of  the  muscle  take  origin  behind  from  the  central  tendon 
of  the  j)erinEeum,  and  from  a  median  tendinous  raphe'  interposed  between 
the  two  halves  of  the  muscle.  The  larger  number  of  the  fibres  are  directed 
round  the  bulb  and  the  adjoining  part  of  the  corpus  spongiosum  urethrre, 
and  join  above  that  body  with  those  from  the  opposite  side  by  a  strong 
aponeurosis.  At  the  fore  part,  a  portion  of  the  muscle  passes  over  the 
sides  of  the  corpus  cavernosum,  and  is  attached  to  that  body  in  front  of  the 
erector  penis  :  from  its  insertion  a  tendinous  ofl'set  is  said  to  be  prolonged 
over  the  dorsal  vessels  of  the  penis  (Kobelt).  The  posterior  fibres,  shorter 
than  the  anterior,  are  inserted  into  the  front  of  the  triangular  ligament. 

The  fibres  which  invest  the  most  prominent  part  of  the  bulb  are  more  or  less  dis- 
tinct from  those  contiguous  to  them,  and  have  been  described  by  Kobelt  as  forming  a 
separate  muscle,  to  which  he  has  given  the  name  comjpressor  hemisphwrhlm  bidbi. 
The  fibres  of  this  muscular  slip  are  connected  by  a  small  tendon,  above  the  uretlu'a, 
with  the  corresponding  part  of  the  opposite  side. 

-  This  muscle  compresses  the  bulb  and  the  adjoining  part  of  the  corpus  spongiosum 
of  the  urethra,  so  as  to  evacuate  fluid  lodged  in  the  canal,  as  well  as  to  increase  the 
turgcscence  of  the  glans  during  erection. 

The  deep  transversus  im-inm  muscle  is  a  thin  rather  inconstant  fasciculus, 
which,  arising  from  the  margin  of  the  pubic  arch,  is  directed  inwards  and 
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meets  with  its  fellow  of  the  opposite  side  behind  the  bulb,  at  the  central 
point  of  the  perina3um.    Its  fibres  conceal  Cowper's  gland. 

The  constrictor  urethrce  muscle  consists  of  a  number  of  transverse  fibres 
extending  across  the  arch  of  the  pubis,  some  of  them  above  and  others 
below  the  membranous  portion  of  the  uretlira,  and  closely  embracing  it.  In 
some  bodies  a  tendinous  raph($,  placed  over  the  middle  of  the  urinary  canal, 
separates  each  stratum  into  lateral  halves. 

This  muscle  rests  in  contact  with  the  deep  layer  of  the  triangular  ligament,  which 
separates  it  from  the  anterior  fibres  of  the  levator  ani. 

The  transverse  constrictor  of  the  urethra  was  known  to  Santorini.  One  of  the 
representations  of  it,  contained  in  his  posthumous  work,  has  been  copied  for  the 
woodcut  (Pig.  204).  Indistinctly  or  partially  noticed  by  other  anatomists,  the 
muscle  was  first  fully  described  by  Guthrie ;  and  the  whole  of  the  muscular  structure 
connected  with  the  membranous  part  of  the  urethra  was  examined  about  the  same 
time  by  Miiller,  but  the  results  were  not  published  till  a  later  period.  (Guthrie, 
"Anatomy  and  Diseases  of  the  !Neck  of  the  Bladder,"  &c.,  1834  ;  Joannes  Miiller, 
"  Ueber  die  organischen  Nervea  der  erectilen  miinnlichen  Geschlechts-Organe,"  &c., 
1836.) 

Fig.  204. — Posterior  View  OP  THE  PuBES,  Fig.  204. 

WITH     PART    OF    THE    BLADDER  AND 

Urethra  attached  (from  Santorini).  J 

1,  body ;  2,  rami  of  the  pubes  ;  3, 
obturator  internus  muscle ;  5,  portion  of 
the  fundus  and  neck  of  the  bladder  laid 
open  ;  6,  the  prostate  gland ;  7,  trans- 
verse fibres  of  the  compressor  urethras 
muscle,  passing  above  the  urethra  ;  8, 
similar  fibres  passing  beneath  that  canal. 

Circular  fibres  of  Santorini  (stra- 
tum internum  circulaxe,  Miiller). — 
Beneath  the  transverse  muscle  just 
described  is  a  series  of  circular  in- 
voluntary muscular  fibres,  entirely 
surrounding  the  membranous  part 
of  the  lurethra :  these  are  continuous 
behind  with  the  circular  fibres  of 
the  prostate,  and  are  referred  to  in 
the  description  of  that  body.    (See  Structure  of  the  Prostate.) 

A  pubo-urethral  muscle  was  described  by  James  Wilson  (Medico-Chirurgical  Trans., 
London,  vol.  i.  p.  176),  and  is  sometimes  referred  to  as  Wilson's  muscle,  but  has  not 
been  recognised  as  a  separate  muscle  by  succeeding  anatomists  who  have  given 
special  attention  to  the  subject  of  the  muscular  structures  round  the  urethra.  An 
unstripcd  pubo-vcsical  band  has  been  described,  descending  from  the  back  of  the  sym- 
physis to  the  neck  of  the  bladder  (Luschka). 


B. — IN  THE  FEMALE. 

In  the  female  the  anterior  fibres  of  the  levator  ani  embrace  the  vagina  as 
they  do  the  prostate  in  the  male. 

The  transversus  perinoii  and  tlio  spldncter  ani  aro  arranged  nearly  in  the 
same  manner  as  in  the  male. 
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The  erector  clitoridis  "differs  from  tlio  erector  penia  of  the  male  by  its 
smaller  size  alono. 

The  sjMncter  vacjince  is  attached  behind  to  the  central  point  of  the 
permaeimi,_  in  common  with  the  sphincter  ani  and  transversus  perincei 
muscles  ;  its  fibres  open  out  to  surround  the  vaginal  orifice  and  vestibule 
closely  embracing  on  the  outer  side  the  two  bulbs  of  the  vestibule  ;  acrain 


Fig.  205. 


Fig.  205. — MUSCLUS  of  the  PEKINiEnM  IN 

TUB  Female.  | 

a,  clitoris  ;  b,  crus  clitoridis ;  c,  is  placed 
in  the  vestibule  above  the  orifice  of  the 
urethra ;  d,  vagina  ;  x ,  anus  ;  c,  coccyx  ; 
1,  external  sphincter  ani  muscle  ;  2, 
sphincter  vaginae ;  2',  a  few  of  its  fibres 
prolonged  to  the  clitoris  ;  3,  levator  ani ; 
4,  on  the  left  ischial  tuberosity,  points  to 
the  transversus  perinei  (the  inner  fibres  of 
this  muscle  are  represented  too  far  forwards 
in  the_  figure) ;  5,  6,  ischio-cavernosus  ; 
7,  gracilis ;  8,  adductor  magnus  and  semi- 
tendinosus,  &c.  ;  9,  gluteus  maximus. 

approaching  each  other  in  front,  they 
become  narrow,  and  are  inserted 
upon  the  corpora  cavernosa  of  the 
clitoris,  a  fasciculus  crossing  over 
these  and  including  the  vena  dorsahs. 
The  two  halves  of  this  elliptical  mus- 
cle appear  to  correspond  strictly  to  those  of  the  bulbo-cavernosus  muscle 
in  the  male. 

A  deep  transverse  muscle,  corresponding  to  part  of  the  constrictor  urethraa 
of  the  male,  has  been  described  aa  resting  on  the  pubic  surface  of  the 
female  urethra. 


MUSCLES  OF  THE  LOWER  LIMB. 

The  muscles  which  pass  between  the  trunk  and  the  lower  limb,  viz.,  the 
psoas,  pyriformis  and  coccygeus,  are  so  few  in  number  and  so  intimately 
connected  with  others,  that  it  is  inexpedient  to  describe  them  as  a  distinct 
group,  as  has  been  done  in  the  case  of  the  more  numerous  and  considerable 
muscles  which  attach  the  upper  limb  to  the  trunk. 

MUSCLES  OP  THE  HIP  AND  THIGH. 

Gluteal  Region". — The  muscles  of  this  region  are  the  three  glutei,  the 
pyriformis,  the  obturator  externus,  the  obturator  internus  Avith  the  gemelli, 
and  the  quadratus  femoris. 

The  gluteus  maximus  is  a  very  large  and  coarsely  fasciculated  muscle, 
somewhat  quadrilateral  in  shape,  which  forms  the  greatest  prominence  of  the 
gluteal  region  posteriorly.  It  arises  from  the  posterior  fifth  of  the  iliac 
crest,  and  the  irregular  rough  surface  of  the  ilium  subjacent  to  that  part ; 
froni  the  posterior  surface  of  the  last  piece  of  the  sacrum  ;  from  the  gi-eat 
sacro-sciatic  ligament  and  the  side  of  the  coccyx  ;  and  between  the  sacrum 
and  the  ilium,  from  the  aponeurosis  of  the  muscles  of  the  back.  Thence 
it  passes  downwards  and  outwards  ;  the  fibres  of  its  lower  third  are  inserted 
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inko  an  elongated  rough  impression,  extending  between  tlie  base  of  tlie  great 
trochanter  and  the  Unea  aspera  ;  and  those  of  the  upper  two-thirds  into  a  thick 
tendinous  structure,  which  covers  the  great  trochanter,  and  joins  the  fascia 
lata  of  the  thigh  :  a  few  of  the  lowest  fibres  terminate  also  in  the  fascia. 


Fig.  20G.— SuPEUFioiAL  Muscles  op  the  Hip 

AND  TuiCri,  SEEN  PnOM  BEHIND. 

1,  gluteus  niedius,  covered  by  the  strong  fascijv 
lata  ;  2,  middle  of  the  gluteus  maxiiuuH  ;  2 , 
placed  on  the  fascia  lata  below  the  place  where  the 
gluteus  maximus  is  inserted  into  it,  and  above 
the  insertion  of  the  muscle  into  the  femur  ;  3, 
vnstus  externus ;  4,  biceps  flexor  cruris  ;  i', 
tendon  of  the  biceps,  receiving  on  its  outer  side 
the  oblique  fibres  of  the  short  part ;  5,  semi- 
tendinosus  ;  5',  its  tendon  near  the  insertion  ; 
6,  semimembranosus,  its  tendon  of  insertion  is 
seen  between  5'  and  7' ;  7,  gracilis ;  7',  tendon  of 
the  gracilis  near  its  insertion  ;  8,  small  part  of 
the  sartorius  ;  9,  small  portion  of  the  adductor 
magnus  ;  10,  outer,  and  11,  inner  head  of  the 
gastrocnemius ;  12,  placed  in  the  popliteal 
space,  points  to  the  origin  of  the  plantaris. 

At  the  upper  and  lower  borders  of  this 
muscle,  the  fascia  lata,  or  aponeurosis  of  the 
limb,  splits  into  two  thin  layers,  which  are 
continued,  one  on  the  deep,  and  the  other  on 
the  outer  surface,  so  as  to  enclose  the  muscle. 
A  few  fibres  on  the  upper  border  of  the  muscle 
arise  from  the  deeper  of  those  two  layers : 
the  lower  border,  longer  and  looser,  lies  in  the 
fold  of  the  nates.  The  deep  surface  rests  on 
the  gluteus  medius  and  pyriformis  muscles, 
the  tendon  of  the  obturator  internus,  with 
the  two  gemelli,  the  quadratus  femoris,  a 
small  portion  of  the  adductor  magnus,  the 
great  trochanter,  the  ischial  tuberosity,  and 
the  origins  of  the  hamstring  muscles ;  it 
covers  also  the  sciatic  artery  and  nerves  as 
they  emerge  from  the  pelvis  below  the  pyri- 
formis, the  superficial  branch  of  the  gluteal 
artery  passing  out  above  that  muscle,  and 
the  pudic  artery  and  nerve  lying  behind  the 
spine  of  the  ischium. 

Between  the  tendon  of  the  muscle  and 
the  great  trochanter  of  the  femur,  are  placed 
two  or  three  synovial  bursae,  or  a  single 
multilocular  bursa  of  large  size.  A  bursa  is 
also  situated  between  the  muscle  and  the 
tendon  of  the  vastus  externus,  and  another 
separates  it  from  the  tuber  ischii. 

The  great  size  of  the  gluteus  maximus, 
and  the  consequent  prominence  of  the 
buttock,  is  a  characteristic  of  man  as  com- 
pared with  those  animals  which  most  nearly 
approach  him  in  general  structure. 


Fig.  206. 


The  (jluUus  medius,  covered  partly  by  the  glutens  maximus,  partly  by  the 
fascia  lata,  arises  from  the  surface  of  the  dorsum  ilii  above  the  superior 
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curved  Ime,  and  in  front  of  the  gluteus  maximus,  from  tlio  8tron<^  fibres  of 
the  fascia  lata  covering  its  outer  surface.  The  muscular  fibres"  converge 
as  they  descend,  the  anterior  fibres  passing  obliquely  backwards,  the  poste- 
rior fibres  obliquely  forwards,  and  terminate  in  a  fan-shaped  tendon,  which, 
becoming  narrowed  and  thick,  is  inserted  into  the  oblique  line  directed 
downwards  and  forwards  on  the  outer  surface  of  the  great  trochanter.  The 
tendon  is  separated  by  a  small  bursa  from  the  upper  part  of  the  trochanter. 
Anteriorly  there  is  no  separation  between  this  muscle  and  the  gluteus 
minimus  on  which  it  lies,  the  two  muscles  running  into  one  another  at 
their  common  anterior  border,  and  separating  only  at  their  tendons  of 
insertion. 

Between  this  muscle  and  the  gluteus  minimus  arc  the  gluteal  nerve  and  deep 
branches  of  the  gluteal  artery. 


Fig.  207. 


Fig.  207. — Deep  Muscles  op  the  Hip 
AND  Pelvis  on  the  left  side,  from 

BEHIND.  \ 

The  gluteus  maximus  and  the  muscles  ot 
the  thigh  liave  been  removed.  1,  gluteus 
medius ;  2,  pyriformis ;  3,  gemellus  su- 
perior ;  4,  gemellus  inferior  ;  5,  obturator 
internus,  seen  partially  within  the  pelvis, 
and,  after  issuing  by  the  lesser  sciatic  notch, 
between  the  gemelli  muscles  ;  6,  quadratus 
femoris  ;  7,  tendon  of  the  obturator  ex- 
ternus  between  the  gemellus  inferior  and 
quadratus. 


The  gluteus  minimus,  covered  by 
the  preceding  muscle,  arises  from  the 
whole  space  on  the  dorsum  ilii  be- 
tween the  superior  and  inferior  curved 
lines.     The  fibres,  converging  as  they 
descend,  terminate  in  an  aponeurotic 
expansion,  superficial  to  the  muscle, 
and  become  narrowed  into  a  tendon 
which  is  inserted  into  an  impression 
on  the  anterior  border  of  the  great 
troch.mter.     The  tendon  is  bound 
down  to  the  prominence  of  the  trochanter  by  a  strong  fibrous  band  which 
joins  it  from  the  upper  margin  of  the  capsule  of  the  hip-joint.    A  synovial 
bursa  is  interposed  between  the  tendon  and  the  trochanter. 

The  pyriformis  muscle  arises  within  the  pelvis  by  three  fleshy  digitations 
from  the  second,  third,  and  fourth  divisions  of  the  sacrum,  between  the 
anterior  sacral  foramina,  slightly  from  the  deep  surface  of  the  iliac  bone, 
near  the  sacro-sciatic  notch,  and  from  the  sacro-sciatic  ligament.  Tlie 
muscle  passes  out  of  the  pelvis  by  the  great  sacro-sciatic  notch,  and  is 
inserted  by  a  rounded  tendon  into  the  upper  border  of  the  gi-eat  trochanter, 
being  bound  down  for  some  distance  from  the  point  of  its  final  insertion  to 
the  subjacent  tendon  of  the  obturator  internus  and  gemelli  muscles. 

The  pyriformis  muscle,  after  escaping  from  the  pelvis,  is  in  contact  by  its  upper 
border  with  the  gluteus  medius  and  minimus,  the  gluteal  vessels  and  nerve  inter- 
vening ;  and  by  its  lower  border  with  the  superior  gemellus  muscle,  the  sciatic  vessels 
and  nerves,  which  emerge  beneath  it,  lying  between.  The  muscle  is  frequently 
pierced  by  part  of  thega-eat  sciatic  nerve,  and  is  thus  divided  more  or  less  completely 
into  two  parts. 
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Tho  ohttirator  intermis  muscle,  in  great  part  lodged  within  the  pelvis, 
arises  from  the  deep  surface  of  the  obturator  membrane  ;  from  the  fibrous 
arch  which  completes  tho  canal  for  the  obturator  vessels  and  nerves  ;  from 
a  narrow  strip  of  the  bone  internal  to  the  obturator  foramen  ;  from  tho 
posterior  surface  of  the  membrane  occupying  that  aperture,  extending  on  tho 
bone  downwards  to  the  outlet,  backwards  as  far  as  the  sciatic  notch,  and, 
upwards  to  the  brim  of  the  pelvis  ;  it  also  arises  to  some  extent  from  the 
obturator  foscia,  which  is  in  contact  with  the  deep  surface  of  tho  muscle.  Its 
fibres  converging  as  they  proceed  backwards  from  this  origin,  the  muscle 
emerges  from  the  pelvis  by  the  small  sacro-sciatic  foramen,  turus  over  on 
the  trochlear  surface  of  the  ischium,  and  is  directed  outwards,  to  bo  inserted, 
in  connection  with  the  gemelli,  into  tho  upper  part  of  the  digital  fossa  of 
the  great  trochanter.  The  tendon  of  the  muscle  is  formed  by  the  union  of 
four  or  five  bands,  occupying  the  surface  of  the  muscle  which  is  towards 
the  bone,  and  lying  side  by  side  as  they  turn  over  the  trochlear  groove  : 
their  motion  in  that  groove  is  facilitated  by  a  synovial  bursa,  which  sends 
in  processes  between  them,  and  by  a  thin  coating  of  cartUage  on  the  trochlear 
sm-face  of  the  bone.  Another  bursa,  of  much  smaller  size,  elongated  and 
narrow,  is  placed  between  the  tendon  and  the  fibrous  capsule  of  the  hip- 
joint.    These  bursee  are  sometimes  continuous  with  one  another. 

The  gemelli  (gemini)  are  two  small  narrow  muscles,  consisting  chiefly  of 
fleshy  fibres  extended  horizontally  at  each  side  of  the  tendon  of  the  obtm-ator 
internus ;  and  they  are  named  from  their  position  above  and  below  that  tendon. 
The  gemellus  superior,  which  is  usually  the  smaller  muscle,  arises  from  the 
ischial  spine  ;  the  gemellus  inferior  takes  origin  from  the  iipper  and  back 
part  of  the  tuberosity  of  the  ischium.  Passing  outwards,  they  join  the 
tendon  of  the  internal  obturator  muscle,  which  is  placed  between  them, 
covering  and  concealing  it  more  or  less,  and  along  with  it  are  inserted  into 
the  digital  fossa  of  the  trochanter.  Some  of  their  fibres,  especially  from 
the  superior  gemellus,  run  obliquely  into  the  tendon  of  the  obturator. 

The  superior  gemellus  is  placed  immediately  below  the  pyriformis ;  the  inferior 
gemellus  is  above  the  quadratus  femoris,  and  at  its  insertion  is  close  to  the  tendon  of 
the  obturator  externus  muscle ;  both  muscles  are  in  contact  with  the  synovial  bursa; 
of  that  tendon.  These  muscles  may  be  regarded  as  portions  of  the  obturator  internus 
arising  external  to  the  pelvis.  The  gemellus  superior  is  often  very  small,  and  in 
some  cases  is  altogether  absent. 


The  quadratus  femoris,  of  an  oblong  figure,  arises  from  the  external  border 
of  the  tuber  ischii,  and  proceeding  horizontally  outwards,  is  inserted  into 
the  greater  part  of  the  linea  quadrati  on  the  posterior  surface  of  the  great 
trochanter  of  the  femur. 

Superiorly  this  muscle  is  close  to  the  inferior  gemellus.  Its  inferior  border  is  in 
contact,  at  its  origin,  with  the  descending  fibres  of  the  adductor  magnus,  and  at  its 
insertion  with  the  superior  or  horizontal  fibres.  It  conceals  the  outer  part  of  the 
obturator  externus,  and  also  the  lesser  trochanter,  which  is  separated  from  it  by  a 
small  bursa. 


The  oUurator  externus,  arising  from  the  anterior  two-thirds  of  the  siufaco 
of  the  obturator  membrane,  and  from  tho  outer  surface  of  the  rami  of  tho 
pubes  and  ischium  as  far  as  tho  margin  of  the  thyroid  foramen,  encroaching 
also  a  little  upon  the  body  of  tho  pubes,  and  spreading  towards  the  tuberosity 
of  the  ischium,  extends  horizontally  outwards  and  backwards,  convergincr  to 
a  tendon  which  is  directed  along  the  under  and  hinder  surface  pf  the  neck 
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of  tho  fomiir  to  be  inserted  into  the  troclianteric  fossa  below  the  obturator 
intoruus  ami  gemclli. 


POSTERIOR  FEMORAL  REOION. 

{The  Hamstring  Mimles). 

Fig.  208.  -^t         back  of  the  thigh  are  three 

long  flexor  muscles  of  the  knee-joint, 
viz.,  the  biceps,  semitendinosus,  and 
semimembranosus. 

The  hiceps  flexor  cruris  consists  of  two 
parts,  arising  one  from  the  hip-bone, 
the  other  from  the  femur,  and  uniting 
iuferiorly  to  terminate  on  the  fibula. 
The  long  head  arises  by  a  tendon  com- 
mon to  it  and  the  semitendinosus  from 
the  most  prominent  part  of  the  ischial 
tuberosity,  and  the  muscular  fibres  ter- 
minate below  the  middle  of  the  thigh  in 
an  aponeurosis  which  is  continued  down 
into  the  tendon  of  insertion.  The  short 
head  arises  from  the  rough  surface  of  the 
linea  aspera  in  its  whole  extent,  from  a 
part  of  the  line  leading  from  thence  to 

Fig.  208. — Deep  Muscles  op  the  Eight  Hip 
AND  Thigh,  from  behind,  i 

a,  anterior,  a',  posterior  superior  spine  of 
the  ilium  ;  6',  posterior  inferior  spine  ;  c,  c, 
great  and  small  trochanter ;  d,  symphysis  pubis ; 
e,  tuberosity  of  the  ischium  ;  /,  flat  or  popli- 
teal surface  of  the  femur ;  g,  head  of  the 
libula ;  1,  gluteus  minimus  ;  2,  obturator  ia- 
ternus  passing  out  of  the  pelvis  by  the  lesser 
sciatic  notch  to  the  digital  fossa  of  the  tro- 
chanter :  the  gemelli  muscles  have  been  re- 
moved ;  3,  obturator  externus ;  4,  small  part 
of  the  back  of  the  pectineus  and  adductor 
brevis  ;  5,  origin  of  the  adductor  magnus 
from  the  lower  part  of  the  ischial  tuberosity  ; 
5',  6',  line  of  insertion  of  this  muscle  on  the 
linea  aspera,  in  which  are  seen  three  arched 
tendinous  intervals  for  the  passage  of  the  per- 
forating vessels ;  5",  tendon  of  insertion  into 
the  inner  tuberosity  of  the  femur ;  between  the 
lower  5'  and  5",  the  interval  through  which 
the  femoral  vessels  pass  into  the  popliteal  space ; 
the  upper  5'  is  placed  upon  the  cut  end  of 
quadratus  femoris  ;  6,  vastus  externus ;  7, 
vastus  internus  ;  8,  femoral  head  of  the  biceps 
femoris  :  the  lower  part  is  represented  as  pass- 
ing too  far  inwards  ;  8',  its  ischial  head,  cut 
short ;  9,  plantaris  muscle  ;  at  its  upper  end 
the  outer  head  of  the  gastrocnemius  ;  tlio 
figure  6"  is  upon  the  cut  inner  head  ;  10,  pop- 
liteus,  cut  short  below  ;  11,  tendon  of  the  semi- 
membranosus; 12,  upper  part  of  the  solcus. 

tho  outer  condyle,  and  from  a  part  of  the  adjacent  flat  surface. of  the  femur 
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also  from  the  external  intermuscular  septum  between  it  and  tlie  vastus 
cxternus  muscle,  and  terminates  on  the  same  aponem-osis  as  the  long  head. 
The  inferior  tendon  is  inserted  into  the  head  of  the  filjula  by  two  portions, 
between  which  is  attached  the  external  lateral  ligament  of  the  knee-joint, 
being  separated  from  tliem  by  a  synovial  bursa.  Some  of  the  fibres  of  the 
tendon,  passing  forwards  and  downwards,  are  inserted  into  the  front  of  the 
tibia,  and  others  passing  backwards  strengthen  the  fascia  of  the  leg. 

The  semite7idinosus  muscle,  arising  from  the  tuberosity  of  the  ischium  by  ^ 
the  tendon  common  to  it  and  the  biceps,  for  a  distance  of  about  three 
inches,  descends  on  the  back  of  the  thigh,  and  terminates  below  the  middle 
in  a  long,  rounded,  and  slender  tendon,  which  passes  along  the  inner  side  of 
the  popliteal  space,  resting  on  the  semimembranosus,  and  curves  forwards  to 
be  inserted  in  an  expanded  form  into  the  upper  part  of  the  tibia  at  its 
iimer  side.  There  the  tendon  is  on  the  same  plane,  but  below  that  of  the 
gracihs,  both  being  under  cover  of  the  sartorius.  A  narrow  oblique  tendi- 
nous intersection  traverses  the  muscle  about  the  middle. 

The  seminLembranosus  muscle  arises  from  the  tuberosity  of  the  ischium, 
above  and  to  the  outside  of  the  origin  of  the  biceps  and  semiteudinosus,  by  a 
strong  flattened  tendon,  two  or  three  inches  long,  which  as  it  descends  in 
front  of  the  common  tendon  of  those  two  muscles,  passes  to  their  inner  side. 
It  terminates  iuferiorly  in  a  thick  tendon,  which  is  inserted  in  three  parts  : 
the  principal  part  turns  forwards  and  is  inserted  into  a  well  marked  groove 
on  the  inner  tuberosity  of  the  tibia,  beneath  the  internal  lateral  ligament  of 
the  knee-joint,  some  of  its  fibres  joining  that  ligament ;  a  second  part,  passing 
downwards  and  outwards,  expands  in  the  aponeurosis  over  the  popliteus 
muscle  ;  and  the  remaining  fibres  are  directed  upwards  and  outwards,  and 
blend  with  the  posterior  ligament  of  the  knee-joint,  of  which  they  may  be 
said  to  form  a  considerable  portion.  The  muscle  consists  of  numerous  short 
fibres  extending  obliquely  between  two  aponeurotic  expansions,  which  are 
continued  upwards  and  downwards  on  the  opposite  sides  of  the  muscle  for 
three  fourths  of  its  length  from  the  superior  and  inferior  tendons. 

The  inferior  tendon  of  the  semimembranosus  muscle  is  separated  from  the  tendon 
of  the  inner  head  of  the  gastrocnemius  by  a  large  bursa.  The  muscle  rests  on  the 
adductor  magnus. 

The  hamstring  muscles  descend  in  contact  with  one  another,  being  bound  down  by 
the  fascia  lata ;  but  inferiorly  they  diverge,  the  biceps  passing  to  the  outside,  and  the 
semimembranosus  and  semitendinosus  to  the  inner  side  of  the  knee,  forming  the  supe- 
rior borders  of  a  diamond-shaped  hollow  at  the  back  of  the  knee— the  popliteal  space. 
The  great  sciatic  nerve  is  concealed  by  them  while  they  are  in  contact,  and  its 
principal  division,  the  internal  popliteal,  lies  in  contact  with  the  semimembranosus 
muscle  in  the  popliteal  space. 

ILIAC  EEGIOK. 

The  ilio-imas  muscle,  the  great  flexor  of  tho  hip-joint,  is  divisible  into  two 
parts,  a  broad  outer  part,  the  iliacus,  and  an  elongated  inner  part,  the  psoas 
magnus,  which  are  inserted  together  into  the  small  trochanter. 

The  iliacus  muscle  arises  from  the  iliac  fossa  of  the  innominate  bone,  and 
from  the  anterior  border  of  the  same,  likewise  from  the  base  of  the  sacrum, 
the  ilio-lumbar  ligament,  and  the  capsule  of  the  hip-joint.  Its  fibres  con- 
verging, as  they  pass  downwards  and  inwards,  are  inserted  for  the  most  part 
into  a  tendon  continuous  with  the  psoas  muscle  ;  while  some  are  prolonged 
to  a  special  triangular  impression  on  the  upper  part  of  the  femur,  in  front  of 
and  below  the  small  trochanter. 
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\Jtl  ST  TTT  T'''  ^^'"^        "PP^^-  ''^^'1  ^^^^'■'^^  parts  of  the 

fihrn  ^  1-1  ^'^'^     ^^^^^-^  l""^^^^-  vertebra.,  from  the  interposed 

tibro-cartilages,  and  from  the  anterior  surface  aud  lower  margin  of  the 
transverse  processes  of  the  lumbar  vertebrae  near  their  bases.  It  forms  a 
tiiick  elongated  muscle,  and  is  inserted  into  the  small  trochanter  of  the 
lemur  by  means  of  a  tendon,  which  is  placed  at  first  within  the  substance  of 
the  muscle,  and  afterwards  at  its  outer  side,  receiving  in  this  manner  the 
nbres  of  the  iliacus  as  well  as  those  of  the  psoas. 


Fig.  209. 


Fig.  209. — Deep  Dissection  op  the  Muscles  of  the  Abdomen  and  Pelvk-.  ^ 

a,  twelfth  dorsal  vertebra  ;  6,  fifth  lumbar  vertebra  ;  c,  transverse  process  of  the  first 
lumbar  vertebra  ;  1,  quadratus  lumborum  muscle  ;  on  the  left  side,  its  fibres  of  origin 
from  the  transverse  processes  of  the  lumbar  vertebrae  are  shown  by  the  removal  of  the 
psoas  muscles  ;  2,  placed  upon  one  of  the  intertransversales  muscles  of  the  left  side  ;  3, 
marks  the  upper  part  of  the  psoas  parvus,  drawn  somewhat  to  the  outer  side  ;  3',  the 
insertion  of  its  tendon  into  the  brim  of  the  pelvis  ;  4,  points  to  the  upper  part  of  the 
psoas  magnus  ;  4",  one  of  the  origins  of  the  muscle;  4',  tlie  insertion  of  the  muscle  into 
the  lesser  trochanter  of  the  femur  ;  5,  iliacus  internus,  shown  fully  on  the  left  side  by 
the  removal  of  the  psoas  muscles  ;  5',  insertion  of  the  iliacus  muscle  into  a  line  below 
the  trochanter  minor  ;  6,  pyriformis  muscle  of  ths  left  side  rising  within  the  pelvis  from 
the  sacrum  ;  6',  insertion  of  its  tendon  into  the  summit  of  the  great  trochanter ;  7,  the 
obturator  externus  seen  from  before  on  the  left  side  ;  +  + ,  the  right  aud  left  tendinous 
pillars  of  the  diaphragm  on  the  front  of  the  upper  lumbar  vertebnc. 
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The  connection  of  the  psoas  with  the  bodies  of  the  bones  is  eflfected  by  means  of 
five  distinct  parts,  each  of  which  is  attached  to  the  upper  and  lower  margins  of  two 
vertebrte  and  the  interposed  fibro-cartilage ;  the  highest  to  the  neighbouring  margins 
of  the  last  dorsal  vertebra  and  the  first  lumbar,  and  the  lowest  to  the  edges  of  the 
fourth  and  fifth  lumbar  vertebroo  with  the  intervertebral  substance.  These  attach- 
ments are  connected  by  thin  tendinous  arches,  extending  over  tlie  middle  of  each 
vertebra,  covering  the  lumbar  vessels  and  communicating  branches  of  the  sj'mpathetic 
nerve,  and  giving  origin  to  other  muscular  fibres.  The  psoas  muscle,  at  its  superior 
extremity,  passes  behind  the  diaphragm,  below  the  arch  of  the  ligamentum  arcuatum 
internum.  Ecsting  on  its  inner  border,  along  the  margin  of  the  pelvis,  is  the  external 
iliac  artery,  and  deeply  in  the  substance  of  the  muscle  is  the  lumbar  plexus  of  nerves. 
The  ilio-inguinal  and  external  cutaneous  nerves  cross  the  iliacus  muscle,  and  the 
anterior  crural  nerve  descends  on  the  tendon  of  the  jisoas.  The  iliac  fascia  extends 
over  the  surface  of  the  whole  ilio-psoas  muscle  in  the  abdomen.  The  muscle  emerges 
from  the  abdomen  beneath  Poupart's  ligament,  and  turning  over  the  brim  of  the 
pelvis  rests  on  the  capsule  of  the  hip-joint,  on  which  it  glides  by  means  of  a  large 
synovial  bursa,  which  occasionally  communicates  with  the  interior  of  the  joint;  its 
outer  margin  is  in  contact  with  the  rectus  muscle,  and  its  inner  margin  is  separated 
from  the  peetineus  by  the  internal  circumflex  artery. 

The  psoas  parvus,  an  occasional  muscle,  placed  on  the  surface  of  the 
psoas  magnus,  arises  from  the  bodies  of  the  last  dorsal  and  first  lumbar 
vcrtebrie,  and  from  the  fibro-cartilage  between  them,  and  soon  ends  in  a 
flat  tendon,  which  j'^sses  along  the  front  and  the  inner  side  of  the  psoas 
magnus,  to  be  inserted  into  the  ilio-pectineal  line  and  eminence. 

This  muscle,  although  it  is  well  developed  and  constant  in  animals,  is  most  fre- 
quently absent  in  the  human  subject.  It  was  found  in  only  one  of  twenty  bodies 
examined  by  Theile  with  special  reference  to  its  existence.  When  present,  it  is 
liable  to  many  changes  in  the  place  of  origin ;  thus,  it  may  be  connected  only  with 
the  first  lumbar  vertebra,  or  with  the  second  and  the  intervertebral  substance  above 
it,  and  it  has  been  observed  to  commence  by  two  parts  or  heads  separated  by  an 
interval. 


ANTERIOR  FEMORAL  REGION. 

The  tensor  vayince  femoris,  or  ilio-aponeurotic  muscle  of  the  tliigh,  arises 
by  muscular  and  tendinous  fibres  from  the  external  surface  of  the  iliac  crest 
close  to  its  fore-part,  aud  from  part  of  the  notch  between  the  two  anterior 
iliac  spines,  external  to  the  attachment  of  the  sartorius  ;  and  passing  down- 
wards and  a  little  outwards  it  is  inserted  between  two  laminte  of  the  fascia 
lata,  about  three  inches  below  the  great  trochanter  of  the  femur.  The 
outer  of  these  laminse  is  continued  upwards  on  the  muscle  in  its  whole 
extent,  being  part  of  the  general  investment  of  the  limb,  the  deeper  is 
connected  above  with  the  origin  of  the  rectus  muscle,  and  with  the  fibres 
attaching  the  gluteus  minimus  to  the  hip-joint.  The  part  of  the  fascia, 
made  tense  by  the  action  of  the  muscle,  forms  a  strong  tendinous  band, 
which  descends  to  the  outer  and  back  part  of  the  knee-joint. 

The  sartorius  is  very  long,  narrow,  and  ribbon-shaped,  and  presents  the 
longest  fibres  of  all  the  muscles  in  the  body  :  it  arises  by  a  short  tendoi). 
from  the  anterior  superior  spinous  process  of  the  ilium,  and  from  a  small 
part  of  the  anterior  margin  of  that  bono  immediately  below,  and,  passing 
downwards  and  inwards  across  the  front  of  the  thigh,  is  inserted  by  an 
expanded  aponeurosis  into  the  upper  and  inner  side  of  the  tibia,  near  to  the 
tubercle,  and  for  about  an  inch  below  it. 

In  this  long  course  the  muscle  is  directed  over  the  anterior  part  of  the  thisrh 
obliquely  inwards  in  the  upper  third,  and  vertically  at  the  inner  aspect  of  the  limb 
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as  far  as  tlie  knee ;  below  this  it  turns  obliquely  forwards  to  its  place  of  attachment. 
Ihe  tendon  of  insertion,  broad  and  expanded,  covers  the  tendons  of  the  gracilis 
and  semitendinosus  (a  synovial  bursa  being  interposed),  and  gives  off  one  expansion 
wluch  strengthens  the  capsule  of  the  knee-joint  by  becoming  incorporated  with  it, 
and  another  which  blends  with  the  fascia  of  the  leg. 


Fig.  210. 


Fig.   210. — Superficial  Musoi/ES 
Front  of  the  Thigh,  -t 


OK  THE 


a,  anterior  part  of  the  crest  of  the  ilium ; 
6,  symphysis  pubis;  c,  patella;  d,  is  below 
the  anterior  tuberosity  of  the  tibia  ;  1,  points 
to  the  insertion  of  the  external  oblique  muscle 
into  the  iliac  crest ;  2,  its  aponeurosis  at  the 
linea  semilunaris  ;  3,  the  external  abdominal 
ring ;  4,  part  of  the  gluteus  medius  ;  5,  tensor 
vaginse  femoris  at  the  place  of  its  insertion 
into  a  portion  of  the  fascia  lata,  which  has 
been  removed  between  5  and  5',  which  latter 
part  is  seen  descending  to  be  attached  to  the 
tibia  and  fibula ;  6,  the  sartorius  ;  6',  the 
insertion  of  the  sartorius  ;  7,  psoas  and  iliacus 
conjoined ;  8,  pectineus  ;  9,  adductor  longus  ; 
10,  gracilis;  11,  part  of  the  adductor  magnus; 
12,  vastus  externus  ;  13,  rectus  femoris  ;  14, 
vastus  internus  ;  15,  small  part  of  the  biceps 
flexor  cruris. 

The  sartorius  is  covered  only  by  the  fascia 
lata  and  the  integument.  It  passes  over 
the  iliacus  and  rectus  femoris  muscles,  the 
femoral  vessels,  the  pectineus,  the  adductor 
longus,  adductor  magnus,  vastus  internus, 
gracilis,  and  semitendinosus  muscles.  The 
inner  border  of  this  muscle  and  the  most 
projecting  part  of  the  adductor  longus  form 
the  sides,  and  Poupart's  ligament  forms  the 
base  of  a  triangular  space  in  the  upper  third 
of  the  thigh,  through  the  middle  of  which 
the  femoral  artery  passes.  This  frequently 
receives  the  name  of  Scarpa's  triangle. 

The  quadriceps  extensor  cruris,  the 
extensor  muscle  of  the  knee,  is  divisible 
into  four  parts,  one  of  which,  the  rectus 
femoiis,  descends  from  the  hip  bone  and 
remains  distinct,  while  the  other  three, 
distinguished  one  from  the  other  only 
by  the  arrangement  of  their  fibres,  cover 
the  whole  of  the  anterior  and  lateral 
surfaces  of  the  thigh  bone,  from  which 
they  arise. 

a.  The  rectus  femoris,  extended  in 
a  sti'aight  line  from  the  pelvis  to  the 
patella,  arises  by  two  tendons,  one  of 
which  is  attached  to  the  anterior  inferior 
spinous  process  of  the  ilium,  and  the  other,  united  to  the  first  within  an  inch 
of  that  point,  is  attached  horizontally  in  the  groove  above  the  upper  part  of 
the  brim  of  the  acetabulum.  From  the  prolongation  of  the  tendon  so 
formed  the  muscular  fibres  arise  peimately,  and  turning  outwards  and 


QUADRICEPS  EXTENSOR  CRURIS. 


275 


backwards  as  they  descend,  are  inserted  in  a  similar  maimer  into  the  tendon 
below,  the  superior  tendon  being  prolonged  on  the  anterior,  the  inferior 
tendon  on  the  posterior  surface  of  the  muscle.  The  inferior  tendon  forma 
a  broad  band  inserted  into  the  upper  surface  of  the  patella. 

Fig.  211.— Deep  Muscles  op  the  Right  p.^ 
Thigh  in  fbont.    ^  °' 
a,  anterior  superior,  and  b,  anterior  inferior 
spinous  process  of  tlie  ilium ;   c,  outer  and 
upper  part  of  the  great  trochanter  ;  d,  sym- 
physis pubis  ;  e,  patella ;  /,  inner  side  of  the 
knee-joint  and  internal  lateral  ligament;  (j,  head 
of  the  fibula  and  outer  side  of  the  knee-joint ; 
1,  front  of  the  gluteus  medius  ;  2,  front  of  the 
gluteus  minimus,  separate  in  this  case  from 
the  medius  ;  3,  tendon  of  the  rectus,  dividing 
above  into  its  two  portions,  one  proceeding 
from  the  inferior  spine  of  the  ilium,  the  other 
passing  back  over  the  upper  border  of  the  ace- 
tabulum ;  4,  on  the  lower  part  of  the  anterior 
inter-trochanteric  line  and  at  the  lower  end  of 
the  ilio-femoral  part  of  the  capsular  ligament, 
points  by  a  line  to  the  cut  tendon  of  insertion 
of  the  itio-psoas  muscle  ;   5,    part  of  the 
obturator  externus  and  quadratus  femoris ; 
6,  pectineus ;  7,  part  of  the  adductor  brevis ; 
8,  adductor  magnus;  9,  vastus  internus ;  10, 
crureus ;  11,  vastus  externus;  12,  tendon  of 
the  rectus;  13,  lower  part  of  the  slip  of  the 
fascia  lata  by  which  the  tensor  vaginse  femoris 
is  inserted  into  the  tibia  and  fibula. 

Superiorly  this  muscle  is  overlaid  by  the 
tensor  vaginae  femoris,  iliacus,  and  sartorius 
muscles ;  further  down  it  is  covered  only  by- 
fascia.  The  acetabular  tendon  lies  beneath 
the  gluteus  minimus. 

b.  The  vastus  externus  arises  by  an 
extensive  aponeurosis  attached  to  the 
base  of  the  great  trochanter  in  front, 
and  to  a  ridge  on  its  outer  side, 
also  to  the  line  extending  from  that 
process  to  the  linea  aspera,  and  to  the 
outer  border  of  the  linea  aspera  itself ; 
the  aponeurosis  is  prolonged  on  the 
surface  of  the  muscle  and  gives  origin  to 
numerous  muscular  fibres  :  further  it 
arises  along  the  line  which  passes  from 
the  linea  aspera  to  the  external  condyle 
in  its  upper  two-thirds,  by  means  of 
muscular  fibres  attached  to  the  inter- 
muscular septum  lying  between  it  and 
the  short  head  of  the  biceps.  The  supe- 
rior fibres  descend  perpendicularly,  the 
lowest  are  nearly  horizontal,  and  the 
muscle,  forming  an  expanded  sheet 
appUed  to  the  surface  of  the  crureus,  ia  inserted  by  a  broad  flat  tendon 
into  the  tendon  of  the  rectus  muscle,  the  patella,  and  the  fascia  lata  on  the 
front  and  side  of  the  knee-joint. 
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c,  d.  The  vastus  iniermis  aud  crureus  consist  of  difforont  sets  of  fibres, 
which  are  very  closely  united.  The  vastus  internus  arises  from  a  line  which 
descends  upon  the  femur  at  some  distance  in  front  of  the  small  trochanter, 
and  which  unites  the  anterior  iuter-trochanterLc  line  to  the  inner  line 
diverging  from  the  liuea  aspera  ;  from  the  lower  half  of  that  iuner  line,  and 
from  the  inner  lip  of  the  linea  asjiera  ;  as  well  as  from  the  fibrous  partition 
attached  to  the  line  extended  between  the  linea  aspera  and  the  inner  con- 
dyle iu  connection  with  the  tendon  of  the  adductor  magnus.  From  this 
extensive  origin,  and  likewise  from  the  inner  surface  of  the  bone,  the  fibres 
proceed  downwards  and  forwards,  and  terminate  on  the  inner  surface  of  the 
patella  and  knee-joint  iu  a  manner  similar  to  those  of  the  vastus  externus. 
The  cnkreus  arises  on  the  anterior  and  outer  surfaces  of  the  femur,  reaching 
from  the  line  between  the  trochanters  to  within  a  few  inches  of  the  patella, 
and  outwards  to  the  vastus  externus.  Its  fibres  are  vertical,  and  are  over- 
laid inferiorly  by  an  aponeurosis  ;  and  the  muscle  is  inserted  by  tendon  and 
fleshy  fibres  into  the  upper  border  and  sides  of  the  patella,  being  in- 
separably blended  with  the  insertions  of  the  other  parts  of  the  quadriceps 
extensoi". 

The  suhcrureus  is  a  small  band  of  muscular  fibres,  which  extends  from  the 
lower  part  of  the  anterior  surface  of  the  femur  to  the  upper  part  of  the 
synovial  membrane  of  the  knee-joint,  on  which  it  ends  in  scattered  fibres. 

This  little  muscle  is  placed  beneath  the  crureus  muscle,  and  in  some  cases  it  is 
united  with  tliat  muscular  mass.  It  is  not  unfrequently  double,  or  consists  of  two 
separate  bundles. 

INTERNAL  FEMOBAL  KEGION, 

{Adductor  Muscles.) 
The  gracilis  or  adductor  cjracilis  muscle,  long  and  slender,  arises  by  a 
thin  aponeurosis  from  the  inner  margin  of  the  pubic  bone,  along  the  lower 
half  of  the  symphysis  and  the  upper  part  of  the  pubic  arch.  The  lower 
tendon,  which  is  at  first  round,  is  inserted  by  a  flattened  and  expanded 
portion  into  the  iuner  side  of  the  tibia,  on  the  same  plane  with,  but 
higher  than  the  semiteudiuosus,  and  under  the  expanded  tendon  of  the 
sartorius. 

This  slender  muscle  is  covered  by  the  fascia  lata,  except  in  a  small  part  inferiorly, 
where  it  is  overlapped  by  the  sartorius ;  the  deep  surface  rests  against  the  adductor 
brcvis,  adductor  magnus,  semimembranosus,  and  the  knee-joint  with  the  internal 
lateral  ligament.   A  bursa  separates  it  from  that  ligament. 

The  pectineus  muscle,  flat  and  nearly  quadrangular,  arises  from  the  pec- 
tineal line,  and  from  the  surface  of  bone  in  front  of  it,  between  the  ilio- 
pectineal  eminence  and  the  pubic  spine.  IncUning  outwards  and  backwards 
as  it  descends,  it  is  inserted  by  a  flat  tendon  into  the  femur  behind  the 
small  trochanter,  and  into  the  upper  part  of  the  line  which  connects  the 
linea  aspera  of  the  femur  with  that  prominence. 

The  pectineus  is  in  contact,  by  its  anterior  surface,  with  the  fascia  lata  and  the 
felral  ve  by  the  posterior  surface,  with  the  obturator  vessels  and  nerve,  and 
IhrexternS  ob'turitor  an'd  adductor  brevis  muscles.  By  the  outer  border  it  touches 
the  psoas  magnus ;  by  the  inner  border,  the  adductor  longus. 

The  adductor  longus,  a  flat  triangular  muscle,  internal  P^^^^^j^^^ 
and  lying  m  the  same  plane,  arises  by  a  short  tendon  from  t^^e  b°dy  of^tl 
pubes  btlow  the  crest  and  near  the  angle,  and  is  inserted  mto  th.  mnei 
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margin  of  tlio  liuea  aspera  in  its  whole  length,  between  the  vastus  in- 
tcnius  and  the  adductor  magnus. 


Fig.  212.— SuPEKFiciAL  Muscles  op 
THE  Inxer  Side  of  tue  Thigh, 
AND  Muscles  on  the  Inker  Wall 
OP  THE  Pelvis, 

1,  iliacus  muscle;  2,  part  of  the 
psoas  magnus  muscle;  3,  obturator 
internus,  with  its  fibres  converging  to- 
wards the  lesser  sciatic  foramen ;  4, 
pyriforrais,  with  three  heads  of  origin, 
and  its  fibres  converging  towards  the 
great  sciatic  foramen  ;  5,  a  part  of  the 
lumbar  aponeurosis  covering  the  erector 
spinte  muscle;  6,  gluteus  maximus; 
7,  sartorius,  7',  its  tendon  inserted 
below  the  tuberosity  of  the  tibia ;  8,  a 
partof  the  adductor  longus  ;  9,  gracilis, 
9',  its  insertion  passing  below  that  of 
the  sartorius ;  10,  part  of  the  adductor 
magnus;  11,  semimembranosus;  12, 
semitendinosus,  12',  its  insertion,  and 
between  9'  and  12'  tiie  tendon  of  the 
semimembranosus  passing  to  its  in- 
sertion in  the  inner  tuberosity  of  the 
tibia. 

This  muscle  is  covered  by  the  fascia 
lata,  the  sartorius,  and  the  femoral 
vessels  ;  the  posterior  surface  rests 
superiorly  on  the  adductor  brevis, 
and  inferiorly  on  the  adductor  mag- 
nus. Externally  it  is  separated  by  a 
small  interval  from  the  pectineus, 
and  internally  it  is  in  apposition  with 
the  gracilis. 

The  adductor  brevis,  thick 
above  and  broad  beloTV,  arises 
by  a  narrow  origin,  about  two 
inches  deep,  in  contact  with  that 
of  the  gracilis,  from  the  anterior 
surface  of  the  body,  and  the 
descending  ramus  of  the  pubes ; 
directed  obliquely  backwards  and 
outwards  it  is  inserted  by  a 
flat  tendon  into  the  whole  of  the 
oblique  line  leading  from  the 
small  trochanter  of  the  femur  to 
the  linea  aspera,  immediately 
beliind  the  insertion  of  the  pec- 
tineus. 


Fig.  21-2, 


Tlie  adductor  brevis  k  concealed  at  its  origin  by  the  adductor  longus  and  at  its 
insertion  in  part  by  the  pectineus;  it  rests  on  the  adductor  magnus,  and  by  its  deep 
surface  is  in  contact  superiorly  with  the  obturator  extcrnus. 


The  adductor  magmts  musclo  arises  from  a  part  of  tho  body  of  the  pubes 
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external  to  tlae  lower  part  of  the  origin  of  the  adductor  brevis,  from  the 
rami  of  the  pubes  and  ischium,  and  from  the  tuberosity  of  the  ischium  near 
the  pubic  arch.  The  muscular  fibres  diverge  from  their  origin,  somewhat 
like  the  ribs  of  a  fiin  from  their  central  pivot ;  those  from  the  pubes,  shorter 
than  the  rest,  pass  transversely  outwards,  and  are  inserted  below  the  linea 
quadrati  into  the  line  prolonged  from  the  linea  aspera  to  the  great  trochanter ; 
others  pass  with  increasing  degrees  of  obliquity  downwards  and  outwards,  to 
be  inserted  into  the  whole  length  of  the  linea  aspera,  and  into  a  part  of 
its  internal  bifurcation  below  ;  finally,  some  of  the  fibres  descend  almost 
vertically,  forming  the  inner  border  of  the  muscle,  and  terminate  in  a 
narrow  tendon,  which  is  inserted  into  the  tuberosity  of  the  inner  condyle 
of  the  femtu:. 

Below  the  level  of  the  inferior  bifurcation  of  the  linea  aspera,  between 
the  tendinous  and  fleshy  portions  of  the  insertion  of  the  muscle,  an  interval 
is  left  for  the  transmission  of  the  femoral  vessels  backwards  into  the  popliteal 
space,  and  along  the  femoral  attachment  the  insertion  is  interrupted  by  three 
or  more  tendinous  arches  through  which  pass  the  perforating  arteries. 

This  muscle  is  in  contact  with  the  long  and  short  adductors  and  the  vastus  internus 
in  front,  with  the  hamstring  muscles  and  gluteus  maximus  behind,  with  the  gi'acilis 
muscle  internally,  and  with  the  obturator  externus  and  quadratus  femoris  mxiscles 
superiorly. 


ACTIOKS  OF  THE  MUSCLES  OP  THE  HIP  AND  THIGH. 

The  gluteus  maximus  muscle  is  the  chief  extensor  of  the  hip-joint.  By  means  of  it 
the  bent  thigh  is  brought  into  a  line  with  the  body ;  but  its  most  important  action,  and 
that  in  connection  with  which  it  is  so  largely  developed  in  the  human  subject,  is  to 
extend  the  trunk  upon  the  thigh  when  supported  on  the  ground  by  the  limbs,  and  in 
so  doing  the  muscles  of  both  sides  act  in  combination.  The  upper  part  of  the  muscle 
has  an  abducting,  and  the  lower  part  an  adducting  power  upon  the  limb.  Although 
the  full  contraction  of  the  glutei  maximi  is  required  to  bring  the  body  into  the  erect 
posture,  it  is  not  necessary  for  its  maintenance,  that  being  effected  chiefly  by  the  ten- 
sion of  cei-tain  ligaments  and  fascisB  passing  over  the  joints,  and  the  body  in  that  pos- 
ture being  so  poised  that  the  centre  of  gravity  of  the  trunk  is  placed  slightly  behind 
the  vertical  plane  passing  through  the  middle  of  the  hip-joints.  The  gluteus  medius 
and  minimus  are  powerful  abductors  of  the  thigh,  and  along  with  the  tensor  vagina 
femoris,  come  principally  into  action  in  supporting  the  body  on  one  limb,  which 
is  done  to  a  certain  extent  in  each  step  in  walking.  Their  anterior  fibres  draw  for- 
wards the  great  trochanter,  and  rotate  the  limb  inwards,  and  the  more  the  thigh  is 
flexed  the  greater  the  number  of  fibres  which  will  exercise  this  action. 

The  tensor  vagince  fevioris  is  generally  held  to  assist  the  action  of  the  other  muscles 
by  making  tense  the  fascia  lata.  It  likewise  aids  the  preceding  muscles  in  rotating 
the  limb  inwards  :  its  action  in  this  respect  is  exactly  opposed  by  the  upper  fibres  of 
the  gluteus  maximus,  which  fibres,  together  with  the  tensor  vaginae  femoris,  being  con- 
tinued into  a  band  of  the  fascia  lata  descending  to  the  outer  tuberosity  of  the  tibia, 
must  act  as  supporters  of  the  thigh  at  the  knee-joint,  and  are  considered  by  Meyer 
(op.  cit.  p.  222)  to  act  as  extensors  of  the  knee. 

The  pyriformis,  obturator  internus  and  gemelli  muscles  support  the  hip-joint  poste- 
riorly, and  rotate  the  limb  outwards.  Their  greatest  contraction  is  admitted  when 
the  thigh  is  extended  and  the  toes  are  directed  outwards ;  they  may  be  supposed  there- 
fore to  give  stability  to  the  erect  posture. 

The  quadratus  femoris  is  partly  an  adductor  and  partly  a  rotator  outwards,  iins 
muscle,  as  well  as  the  pyriformis,  obturator  internus  and  gemelli,  and  obturator 
externus,  come  to  be  extensors  when  the  thigh  is  strongly  flexed. 

The  obturator  externus  has  its  origin  and  insertion  most  approximated  when  t  le 
thigh  is  flexed,  adducted,  and  rotated  outwards,  as  is  the  case  in  the  uppermost  ot  tiic 
two  limbs  when  we  cross  the  knees  in  sitting.  It  supports  the  hip-jomt  posteriorly 
and  inferiorly,  and  is  a  rotator  outwards. 
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The  ilio-psoas  muscle,  the  flexor  of  the  hip-joint,  flexes  the  thigh  on  the  body,  or 
the  body  on  the  thigh,  according  as  cither  of  these  is  the  most  fixed. 
The  pectineus  is  partly  a  flexor  and  partly  an  adductor. 

The  adductores  magmis,  longus  and  brevis  adduct  the  thigh,  and  along  with  their 
opponents  the  gluteus  medius  and  minimus,  and  with  the  gluteus  maximus,  balance 
the  body  on  the  femur  in  walking. 

The  adductor  muscles  and  ilio-psoas,  together  with  the  pectineus,  being  all  inserted 
at  the  back  part  of  the  femur,  tend  to  rotate  the  thigh  outwards  at  the  same  time 
that  they  produce  their  adducting  and  flexing  actions.  The  advantage  of  this  prepon- 
derance of  rotators  outwards  over  rotators  inwards  becomes  apparent  by  reference  to 
the  movements  which  take  place  in  walking.  When  a  step  is  taken,  the  pelvis  is 
drawn  forwards  on  that  side  on  which  the  foot  has  been  advanced,  which  involves 
a  considerable  rotation  of  the  pelvis  outwards  at  the  other  hip-joint,  by  the  action  of 
the  muscles  of  the  opposite  limb. 

The  quadriceps  extensor  femoris  extends  the  knee-joint,  but,  as  already  mentioned 
with  regard  to  the  gluteus  maximus,  its  action  is  not  requisite  for  the  maintenance  of 
the  erect  attitude,  the  knee-joint  remaining  in  complete  extension  without  muscular 
aid  while  the  foot  is  firmly  planted  on  the  ground.  This  may  be  tested  by  the  fact 
that  the  patella  of  a  person  standing  with  the  knee  extended  will  be  found  to  lie 
quite  loosely,  but  will  become  at  once  fixed  when  it  is  attempted  to  lift  the  foot. 

The  rectus  femoris,  sartorius,  gracilis,  semitendinosus,  semimembranosus,  and 
long  head  of  the  biceps  act  on  both  the  hip  and  knee-joints. 

The  sartorius  produces  the  flexion  of  the  hip  and  knee-joints,  accompanied  by 
abduction,  which  occurs  in  the  posture  assumed  by  the  tailor  in  sitting,  and  the 
muscle  derives  its  name  from  this  circumstance. 

The  rectus  femoris  flexes  the  hip  and  extends  the  knee ;  it  acts  wholly  from  its 
anterior  head  of  origin  when  the  thigh  is  fully  extended,  and  the  posterior  head  is 
alone  tense  when  the  thigh  is  bent. 

The  Itarristring  muscles  extend  the  hip  and  flex  the  knee.  It  is  to  be  observed, 
however,  that  in  the  ordinary  movements  of  the  body,  the  hip  and  knee-joints  are 
flexed  and  extended  together,  and  that  therefore  the  joint  on  which  those  long  muscles 
act  must  be  determined  by  the  other  muscles  which  pass  over  either  of  those  joints 
separately. 

The  gracilis  acts  as  an  adductor  on  the  hip-joint.  The  gracilis,  semitendinosus, 
and  sartorius  muscles  form  the  group  of  rotators  inwards  at  the  knee-joint ;  they  act 
along  with  the  popliteus  in  this  respect  to  greatest  advantage  in  the  flexed  state  of 
the  knee ;  but  they  likewise  favour  the  commencement  of  flexion  by  undoing  that 
rotation  inwards  of  the  femoral  condyles  on  the  tibia  by  which  extension  of  the  knee 
is  completed. 

The  sJiort  head  of  the  biceps  is  the  only  flexor  of  the  knee,  which  passes  over  that 
joint  alone.    The  whole  of  this  muscle  produces  external  rotation  of  the  leg. 

The  subcrureus  in  extension  of  the  knee-joint  probably  raises  the  upper  part  of  the 
synovial  membrane,  and  prevents  it  from  being  pressed  between  the  patella  and 
femur. 


MUSCLES  OF  THE  LEG  AND  FOOT. 

ANTERIOR  REGION. 

Between  the  tibia  and  fibula,  on  the  front  of  the  leg,  are  placed  four 
muscles — the  tibialis  anticus,  extensor  proprius  pollicis,  extensor  longus 
digitorum,  and  peroueus  tertius  ;  and  on  the  dorsum  of  the  foot  one  muscle 
only  arises, — the  extensor  brevis  digitorum. 

The  tibialis  avticus  arises  from  the  external  tuberosity  of  the  tibia,  and 
about  two-thirds  of  the  outer  surface  of  that  bone  ;  from  a  small  portion  of 
the  adjoining  interosseous  ligament ;  from  the  strong  fascia  of  the  leg  ;  and 
from  an  aponeurotic  septum  placed  between  it  and  the  extensor  loncrus 
digitorum.    The  tendon  in  which  all  the  muscular  fibres  terminate  before 
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it  readies  the  bend  of  the  ankle,  glides  in  a  synovial  sheath  beneath  the 
anterior  annular  ligament,  and  is  inserted  into  the  inner  and  lower  part  of 
the  internal  cuneiform  and  the  contiguous  extremity  of  the  first  metatarsal 
bone,  dividing  slightly  into  two  slips  as  it  descends. 


Pig.  213.  Fig.  213.— Muscles  op  the  Lower  Leo  and  Foot 

FROM  BEFORE.  § 

1,  tendon  of  the  rectus  femoris;  1',  ligamentum  pa- 
tellas;  2,  the  lower  part  of  the  vastus  internus;  3, 
lower  part  of  the  vastus  extevnus ;  4,  lower  part  of  the 
sartorius ;  5,  small  portion  of  the  fascia  lata  cut  near  the 
place  of  its  insertion  at  the  knee  ;  6,  inner  head  of  the 
gastrocnemius ;  7,  inner  part  of  the  soleus ;  8,  tibialis 
anticus  ;  8',  its  tendon  near  the  insertion ;  9,  part  of 
the  extensor  longus  pollicis;  9',  its  tendon;  10,  ex- 
tensor communis  digitorum  longus ;  10',  placed  on  the 
anterior  annular  ligament  over  the  place  of  passage  of 
the  four  tendons  of  the  extensor  communis;  11,  pero- 
neus  longus;  12,  peroneus  brevis;  13,  peroneus  tertius; 
13',  tendon  of  the  peroneus  tertius  at  its  insertion;  14, 
origin  of  the  extensor  communis  digitorum  brevis,  the 
first  head  of  which  is  seen  passing  to  the  great  toe  near 
the  line  from  9'. 

The  extensor  proprius  pollicis,  placed  be- 
tween the  tibiaUs  anticus  and  the  extensor 
longus  digitorum,  arises  from  the  middle  three- 
fifths  of  the  anterior  narrow  part  of  the  inner 
surface  of  the  fibula,  and  from  the  contiguous 
portion  of  the  interosseous  ligament  for  the 
same  extent.  The  fleshy  fibres  ruu  obliquely 
forwards  into  a  tendon  placed  at  the  anterior 
border  of  the  muscle  ;  and  the  tendon,  after 
passing  beneath  the  upper,  and  through  the 
lower  portion  of  the  annular  ligament  in  a  dis- 
tinct compartment,  and  along  the  dorsum  of 
the  foot,  is  inserted  into  the  base  of  the  ter- 
minal phalanx  of  the  great  toe.  A  delicate 
expansion  given  off  from  the  tendon  on  each 
side  spreads  over  the  joint  between  the  meta- 
tarsal bone  and  the  first  phalanx. 

This  muscle  is  partly  concealed  by  those  between 
which  it  is  placed.  It  lies  external  to  the  anterior 
tibial  arteiy  in  the  leg,  but  crosses  in  front  of  that 
vessel  at  the  bend  of  the  ankle,  and  is  internal  to  it 
on  the  foot. 

The  extensor  longus  digitonm  pedis,  is 
situated  in  contact  with  the  tibialis  anticus 
above,  and  between  the  extensor  proprivis 
pollicis  and  peroneus  tertius  below  ;  it  arises 
from  the  external  tuberosity  of  the  tibia ; 
from  the  head  and  the  anterior  narrowed  part  of  tlie  inner  surface  of  the 
fibula  in  front  of  the  interosseous  membrane,  for  about  three-fourths  of  its 
length;  from  a  small  part  of  the  interosseous  ligament  at  its  upper  part  ; 
also  from  the  aponeurotic  septa  intervening  between  it  and  the  muscles  on 
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eacli  side,  and  from  the  fascia  of  the  leg.  The  fleshy  fibres  from  this  exten- 
sive origin  pass  obliquely  into  a  tendon  placed  on  the  anterior  part  of  the 
muscle.  This  subsequently  divides  into  four  slips,  which  descend  through 
the  lower  part  of  the  annular  ligament,  in  the  same  sheath  as  the  peroneus 
tertius,  and  on  the  dorsum  of  the  foot  pass  respectively  to  the  four  outer 
toes.  Not  unfrcqucntly  the  slip  belonging  to  the  fifth  toe  is  separated 
with  that  of  the  peroneus  tertius  from  the  rest  considerably  higher  up.  The 
three  inner  tendons  are  eacli  joined  at  the  outer  side,  on  the  first  phalanx, 
by  a  tendon  from  the  extensor  brevis  digitorum  :  all  the  four  tendons 
are  continued  into  expansions,  which  are  joined  on  the  first  phalanx  by 
tendinous  processes  from  the  lumbricales  and  interossei  muscles,  and  have 
their  middle  fibres  inserted  into  the  second  phalanx  ;  while  their  lateral 
parts  unite  together  and  are  inserted  on  the  third,  in  a  manner  exactly 
similar  to  the  arrangement  of  the  extensor  tendons  on  the  fingers. 


Fig.  214. 


Fig.  214. — SnpERFiciiL  Muscles  v\nd  Tendons  on 
THE  Dorsum  op  toe  Foot  and  Lower  Part  of 
THE  Leq  anteriorly  (after  Bourgery).  3 

a,  lower  part  of  the  tibia ;  h,  lower  part  of  tbe 
fibula  above  the  malleolus  externus  ;  c,  inner  side  of 
the  scaphoid  bone ;  d,  internal  cuneiform  bone  ;  1, 
lower  part  of  the  tibialis  anticus  muscle ;  1',  its  tendon 
descending  in  the  groove  of  the  internal  cuneiform 
bone  ;  2,  extensor  longus  poUicis ;  2',  its  expansion 
on  the  dorsum  of  the  great  toe  ;  3,  extensor  communis 
digitorum  dividing  into  its  four  tendons  for  the  toes  ; 
3',  the  expansion,  and  3",  the  final  insertion  of  the 
same  upon  the  second  toe  ;  4,  peroneus  tertius ;  4', 
its  expanded  insertion  on  the  base  of  the  fifth  meta- 
tarsal bone  ;  5,  small  part  of  the  fibres  of  the  soleus 
on  the  inner  side  of  the  tibia  ;  6,  small  part  of  the 
peroneus  brevis ;  7,  extensor  brevis  digitorum,  seen 
below  the  tendons  of  the  extensor  longus  and  peroneus 
tertius  ;  7',  7'',  on  a  band  of  aponeurosis  crossing  the 
toes,  the  first  and  fourth  tendons  of  the  extensor 
brevis  muscle  passing  to  join  those  of  the  long  ex- 
tensor ;  8,  9,  anterior  annular  ligament,  chiefly  in  its 
lower  part,  or  ligamentum  cruciatum  ;  between  8  and 
c,  the  inner  and  lower  band  enclosing  the  extensor 
longus  poUicis  and  tibialis  anticus;  below  9,  the 
outer  part  of  the  same  enclosing  the  tendons  of  the  ex- 
tensor communis  and  peroneus  tertius  ;  10,  11,  dorsal 
transverse  band  of  the  aponeurosis  of  the  foot,  uniting 
the  beads  of  the  metatarsal  bones. 

The  peroneus  tei-tius  arises,  in  continuity 
with  the  lower  part  of  the  extensor  longus 
digitorum,  from  the  lower  fourth  of  the  inner 
surface  of  the  fibula,  from  the  lower  part  of 
tlie   interosseous  membrane,  and  from   an  -  - 

aponeurosis  which  connects  it  on  the  outer 

side  with  the  peroneus  brevis.    The  muscular  fibres  end  in  a  tendon,  wliich 
after  passing  through  the  annular  ligament  with  the  long  extensor  of  the 
toes,  IS  inserted  into  the  upper  surface  of  the  base  of  the  fifth  metatarsal 
bone,  and  likewise  in  some  instances  into  the  fourth. 

There  is  often  Rcarcely  any  line  of  demarcation  between  the  two  precedinfr  muscle-, 
The  peroneus  tcrt.ns  is  sometimes  as  large  as  the  extensor  longus  digitorum  somo 
times  Its  tendon  is  as  largo  as  those  of  that  muscle  combined  :  it  lias  been  ob",oi3 
to  terminate  on  the  fourtli  metatarsal  bone ;  and  it  is  sometimes  altogether  wantino^^ 
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Five  tendons  are  ascribed  to  the  extensor  longus  digitorum  by  Cowper  (Myot. 
Iteform.,  c.  36,  p.  Ill),  the  pcroneus  tertiua  having  been  considered  by  hlrn  as  part  of 
that  muscle,  a  view  which  is  in  some  degree  warranted  by  the  form  which  it  usually 
presents.  •' 

The  extensor  hrcvis  digitorum  pedis  arises  from  the  outer  surface  of  the  os 
calcis  in  front  of  the  groove  for  the  peroneus  brevis  muscle,  and  from  the 
lower  band  of  the  anterior  annular  ligament.  It  divides  into  four  tapering 
slips  each  of  which  terminates  in  a  tendon  ;  the  first  or  most  internal  of 
these,  sometimes  reckoned  as  a  distinct  muscle,  is  inserted  separately  into 
the  dorsal  surface  of  the  first  phalanx  of  the  great  toe  near  its  tarsal 
extremity ;  and  the  other  three  become  severally  united  to  the  outer  border 
of  the  extensor  tendons  proceeding  to  the  three  next  toes. 


EXTERNAL  REGION. 

The  peroneus  longus  arises  from  the  head  of  the  fibula,  and  from  more  than 
the  two  upper  thirds  of  the  external  surface  of  that  bone  ;  from  the  fascia 
of  the  leg ;  and  from  aponeuroses  interposed  between  it  and  the  contiguous 
muscles,  viz.,  the  extensor  communis  digitorum  on  one  side,  and  the  soleus 
and  flexor  longua  poUicis  on  the  other.  It  ends  above  the  ankle  in  a 
tendon,  which  passes  downwards  behind  that  of  the  peroneus  brevis  in  the 
hollow  behind  the  external  malleolus,  and  inclining  forwards,  turns  over  the 
outer  margin  of  the  foot,  and  enters  the  excavation  on  the  lower  surface  of 
the  cuboid  bone,  and  changing  its  direction,  proceeds  inwards  and  forwards 
to  be  inserted  into  the  lower  part  of  the  internal  cuneiform  and  the  tarsal 
end  of  the  first  metatarsal  bone  :  an  oflFset  is  continued  from  it  to  the  base 
of  the  second  metatarsal  bone.  In  this  course  the  tendon  of  the  peroneus 
longus  muscle,  lying  parallel  with  that  of  the  peroneus  brevis,  is  invested 
along  with  it  by  a  synovial  membrane,  and  bound  down  by  a  fibrous  band 
extended  from  the  end  of  the  fibula  to  the  calcaneum  ;  on  the  outer  side  of 
the  foot  it  separates  from  the  peroneus  brevis,  and  in  the  sole  of  the  foot 
the  peroneus  longus  lies  in  a  synovial  sheath  formed  by  fibres  of  the  liga- 
mentum  longiim  plantse. 

The  peroneus  brevis  arises  from  the  two  lower  thirds  of  the  external 
surface  of  the  fibula,  internal  to  the  peroneus  longus,  and  from  the  inter- 
muscular septa  which  dip  down  in  front  between  it  and  the  extensor  longus 
digitorum  and  peroneus  tertius,  and  behind  between  it  and  the  flexor  longus 
pollicis.  The  fibres  are  directed  to  a  tendon  on  their  outer  surfiice,  which 
becoming  free  at  the  level  of  the  external  malleolus,  passes  behind  that 
process,  sheathed  in  the  same  synovial  membrane  as  the  tendon  of  the 
peroneus  longus,  and  inclining  forwards  is  inserted  into  the  projection  at  the 
base  of  the  fifth  metatarsal  bone,  having  traversed  a  separate  sheath  on  the 
calcaneum,  above  that  for  the  tendon  of  the  peroneus  longus,  but  lined  by 
an  off"set  of  the  same  synovial  membrane. 


POSTERIOR  REGION. 

The  muscles  at  the  back  of  the  leg  consist  of  a  superficial  group  inserted 
into  the  extremity  of  the  calcaneum,  and  a  deeper  group  covered  in  by  a 
deep  fascia  and  descending  to  the  sole. 

The  superficial  group  consists  of  three  muscles  ;  two  of  them,  placed  one 
on  the  surface  of  the  other,  are  of  large  size,  the  gastrocnemius  and  solcv^ 
(extensor  tarsi  suralis  vel  extensor  magnus, — Douglas ;  nuiscnius  suraj, 
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Scemmcrring),  form  the  bulk  of  the  calf  of  the  leg,  and  are  inserted  into 
the  heel  by  a  common  tendon — the  tendo  Achillis ;  the  third,  a  small  muscle, 
the  plantaris,  descends  between  the  other  two. 

The  gastrocnemius  muscle  arises  bjr  two  thick  tendinous  heads  from 
the  condyles  of  the  femur,  and  ends  below  in  the  tendo  Achillis.  The 


Fig.  215. — Superficial  MoscLES  of  the  Lower  Leo,  Fig.  215. 

SEEN  FROM  BEHIND  (after  Bourgery).  i 

1,  lower  part  of  the  vastus  externus  ;  2,  tendon  of 
the  biceps  flexor  cruris,  passing  to  its  insertion  in  the 
fibula ;  3,  lower  part  and  tendon  of  the  semitendinosus  ; 
•t,  lower  part  of  the  semimembranosus  :  its  tendon  is 
seen  between  3  and  5  passing  to  its  insertion  in  the 
tibia  ;  5,  gracilis ;  6,  small  part  of  the  sartorius  ;  7, 
outer,  and  8,  inner  head  of  the  gastrocnemius  on  the 
tendinous  part  of  the  calf  of  the  leg ;  9,  placed  in  the 
popliteal  space,  points  to  the  muscular  part  of  the 
plantaris ;  9',  its  thin  tendon  inside  the  tendo 
Achillis  ;  10,  the  fibres  of  the  soleus  descending  to 
the  flat  tendon,  which,  joining  with  that  of  the  gastro- 
cnemius, forms  +  +  the  tendo  Achillis;  11,  lower  part 
and  tendon  of  the  peroneus  longus  ;  12,  lower  fibres 
of  the  peroneus  brevis,  both  passing  behind  the  mal- 
leolus externus  below;  13,  lower  part  of  the  flexor 
longus  digitoium  ;  14,  small  part  of  the  tendon  of 
the  tibialis  posticus,  which,  along  with  13,  descends 
behind  the  malleolus  internus;  15,  is  placed  near  the 
lower  part  of  the  fibula,  and  points  to  the  lower 
fibres  of  the  flexor  longus  pollicis,  the  tendon  of 
which  is  seen  descending  over  the  tibia  at  15'. 

outer  tendon  of  origin  is  attached  in  an 
oblique  line  to  a  depression  on  the  outer  side 
of  the  external  condyle,  above  the  groove  for 
the  popliteus  muscle.  The  inner  tendon  is 
attached  in  a  horizontal  line  to  an  impression 
above  the  back  part  of  the  internal  condyle, 
and  along  with  it  are  fleshy  fibres  connected 
for  a  short  distance  with  the  ridge  running 
to  the  linea  aspera.  The  muscular  fibres 
descending  from  the  two  heads  remain 
separated  by  a  vertical  groove  on  the  surface, 
but  those  next  the  middle  meet  at  an  angle 
on  a  tendinous  structure  below.  The  fibres 
of  the  superior  tendons  spread  out  upon  the 
surface  of  the  muscle  ;  the  inferior  tendon 
lies  on  the  deep  surface  of  the  muscular  mass, 
and  is  continued  upwards  in  a  thin  aponeu- 
rosis with  parallel  fibres,  which  glide  against 
the  soleus  :  between  the  superficial  tendon  of 
each  head  and  the  deep  common  tendon,  the 
greater  number  of  the  muscular  fibres  run 
obliquely  downwards  and  forwards.  The  lower 

edge  of  each  muscular  part  presents  a  convexity  do^vnwards  ■  the  inner 
descending  furthest.  A  synovial  membrane,  usually  communicating  with 
the  knee-jomt,  hes  beneath  the  inner  head  of  origin,  and  separates  i^t  from 
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the  tendon  of  tlio  semimembranosus  muscle.  A  sesamoid  fibro- cartilage 
is  sometimes  met  with  over  the  outer  condyle  of  the  femur,  and  occasionally- 
over  the  inner  :  it  is  rarely  ossified. 

Tlic  heads  of  the  gastrocnemius  muscle  form  the  inferior  boundaries  of  the 
popliteal  space,  and  are  placed  between  the  hamstring  muscles :  the  peroneal  nerve  is 
lodged  between  the  external  head  and  the  biceps.    The  gastrocnemius  conceals  the 

popliteus  muscle,  with  the  popliteal 
vessels  and  internal  popliteal  nerve 
lying  on  its  surface;  the  plantaris 
and  soleus  arc  also  covered  by  it. 
The  short  saphenous  vein  is  placed 
on  its  surface,  in  the  interval  be- 
tween its  two  parts. 


Fig.  216. — SuPEEFioiAL  Md.<;cles  op 
THE  Leg,  seen  from  the  inner 
SIDE  (after  Bourgery).  § 

1,  part  of  the  vastus  internus  ;  2, 
sartorius  ;  2',  its  €at  tendon,  spread- 
ing on  the  inner  upper  part  of  the 
tibia  ;  3,  gracilis ;  4,  semitendinosus ; 
4',  its  insertion  ;  and  between  2'  and 
4',  that  of  the  gracilis  ;  5,  semimem- 
branosus ;  6,  inner  head  of  the  gastro- 
cnemius ;  7,  soleus ;  8,  8',  placed 
upon  the  tendo  Achillis,  point  to  the 
small  tendon  of  the  plantaris  descend- 
ing on  the  inner  side  ;  9,  small  part 
of  the  tendon  of  the  tibialis  posticus ; 
10,  flexor  communis  digitorum  ;  11, 
points  to  a  portion  of  the  flexor  longus 
poUicis,  sunk  in  shadow  ;  12,  a  nar- 
row part  of  the  tibialis  anticus  ;  12', 
on  the  internal  cuneiform  bone,  above 
the  divided  tendon  of  insertion  of  the 
tibialis  anticus ;  13,  abductor  pollicis ; 
there  are  also  shown  in  this  part  of  the 
figure  the  connection  of  the  abductor 
posteriorly  with  the  internal  annular 
ligament  and  os  calcis,  and  the  manner 
in  which  the  internal  annular  liga- 
ment forms  a  retinaculum  for  the 
tendons  of  the  muscles  of  the  leg  as 
they  descend. 


The  soleus  muscle  arises  ex- 
ternally from  the  posterior  part 
of  the  head  of  the  fibula,  and 
from  the  surface  beneath  it  for 
a,  third  of  the  length  of  the 
bone  ;  internally  from  the  ob- 
lique line  which  gives  insertion 
to  the  popliteus,  and  from  the 
posterior  edge  of  the  tibia  about 
three  inches  below  that  liuo  ; 
also  in  the  space  intermediate  between  the  tibia  and  fibula,  from  a  ten- 
dinous band  extended  from  one  bone  to  the  other  over  the  posterior  tibial 
vessels  and  nerve.    Inferiorly  the  muscular  fibres  descend  upon  the  tendo 
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Achillis  considerably  further  than  those  of  the  gastrocnemius.  The  posterior 
surface  presents  a  thin  covering  of  longitudinal  aponeurotic  fibres  continued 
up  from  the  tendon  below,  and  gliding  on  the  similar  tendinous  surface  of 
the  gastrocnemius  muscle.  On  the  deep  surface  the  edges  of  two  mem- 
branous tendons,  the  other  edges  of  which  look  towards  the  middle  line  of 
the  muscle,  imbedded  in  its  substance,  are  seen  descending  from  the  tibial 
and  libulai-  origins  :  the  fibres  from  the  deep  aspects  of  those  tendons  are 
directed  obliquely  inwards  to  a  tendinous  septum  which  divides  the  muscle 
into  lateral  halves  ;  while  those  from  then-  superficial  aspects  pass  with 
similar  obliquity  to  the  flat  tendon  on  the  surface  of  the  muscle,  the  fibres 
placed  at  the  sides  forming  the  lateral  borders  and  part  of  the  deep  surface 
of  the  muscle.  Thus  the  soleus  is  composed  entirely  of  short  oblique  fibres 
of  from  one  to  two  inches  in  length. 

The  Boleus  rests  upon  the  flexor  longus  pollicis,  flexor  lougiis  digitorum  and  tibialis 
posticus  muscles,  together  with  the  posterior  tibial  vessels  and  nerve. 

The  tench  Achillis,  the  thickest  and  strongest  tendon  in  the  body,  is 
formed  by  the  union  of  the  flat  tendon  of  the  gastrocnemius  with  the 
thicker  and  more  rounded  tendon  of  the  soleus.  It  is  from  three  to  four 
inches  long  below  the  point  where  the  muscular  fibres  of  the  soleus  cease  to 
be  attaclied  to  it.  It  is  inserted  inferiorly  into  the  back  part  of  the 
tuberosity  of  the  os  calcis.  Between  the  upper  part  of  the  tuberosity  of  the 
OS  calcis  and  the  tendon  a  synovial  bursa  is  interposed. 

The  gastrocnemius  is,  in  some  cases,  joined  by  a  bundle  of  muscular  fibres,  which 
arises  separately  from  the  femur  above  one  of  the  condyles.  This  bundle  has  been 
observed  passing  between  the  popliteal  artery  and  vein  (R.  Quain,  op.  cit.  plate  80, 
figs.  4  and  5).  To  the  soleus  an  accessory  portion  is  occasionally  added  at  its  lower 
auil  inner  part ;  this  usually  ends  on  the  inner  side  of  the  tendo  Achillis,  but  it 
sometimes  forms  a  tendon,  attached  separately  to  the  os  calcis. 

The  plantaris  arises  from  the  femur  immediately  above  the  external  con- 
dyle, and  from  the  posterior  ligament  of  the  knee-joint,  where  this  is  covered 
by  the  corresponding  head  of  the  gastrocnemius  ;  its  muscular  part  is  from 
three  to  four  inches  in  length,  and  terminates  in  a  long  delicate  tendon, 
which  inclines  inwards  between  the  gastrocnemius  and  soleus,  and  runnino- 
along  the  inner  border  of  the  tendo  Achillis  is  inserted  conjointly  with  it 
into  the  posterior  part  of  the  calcaneum. 

The  designation  by  which  this  little  muscle  is  known  was  assigned  to  it  when  the 
tendon  w^as  believed  to  terminate  in  the  plantar  fascia,  as  the  palmaris  longus  does  in 
the  fascia  of  the  hand.  It  was  so  described  by  Galen ;  and,  though  the  real  manner 
of  termination  was  correctly  pointed  out  by  Vesalius  (Oper.  1,  2,  p.  419),  the  error 
was  continued  through  many  succeeding  works,  and  is  to  be  found  even  in  Cowper's 
"  Myotomia  Reformata  "  (p.  105). 

The  plantaris  varies  in  its  mode  of  termination ;  it  is  sometimes  enclosed  in  the 
lower  part  of  the  tendo  Achillis;  and,  in  other  cases,  it  ends  in  the  internal  annular 
ligament,  which  binds  down  the  tendons  and  vessels  behind  the  inner  malleolus. 

The  deep  (/roiq)  of  posterior  muscles  of  the  leg  is  in  close  contact  with 
the  bones  ;  it  consists  of  the  popUteus,  flexor  longus  digitoinim,  flexor  loncrus 
pollicis  and  tibialis  posticus.  ^ 

The  pojMeus,  an  oblique  muscle  placed  below  the  knee,  arises  by  a  thick 
tendon,  about  an  inch  in  length,  from  the  fore  part  of  the  popUteal  groove 
on  the  outer  side  of  the  external  condyle  of  the  femur,  within  the  external 
lateral  ligament  and  capsule  of  the  knee-joint  j  it  is  in  contact  with  tho 
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external  semilunar  cartilage,  and  receives  additional  fibres  from  the  postmor 
ligament  of  the  joint.    The  muscular  fibres  diverge  as  they  pass  downwards, 


Fig.  217. 


Fig.  217. — Deep  Postekior  Mdsoles  os  tue 
Leg.  \ 

a,  popliteal  surface  of  the  femur ;  6,  bare  surface 
of  the  upper  fourth  of  the  fibula,  from  which  the 
soleus  muscle  has  been  removed  ;  c,  malleolus  iu- 
tenius  ;  d,  malleolus  externus  ;  e,  tuberosity  of  the  os 
calcis,  with  the  tendo  Achillis  inserted  into  it,  and  the 
plantaris  on  its  inner  side ;  ] ,  inner  head  of  the  gastro- 
cnemius cut  short  at  its  origin  ;  2,  outer  head  ;  3, 
plantaris  ;  4,  tendon  of  the  semimembranosus  muscle 
near  its  insertion,  seen  spreading  in  three  portions, 
viz.,  to  the  inside  of  the  tibia,  towards  the  popliteal 
fascia,  and  towards  the  ligamentum  posticum  ;  5, 
tendon  of  the  biceps  inserted  into  the  head  of  the 
fibula;  6,  popliteus  muscle;  7,  upper  part  of  the 
origin  of  the  soleus  from  the  fibula,  cutshort ;  7',  lineof 
its  tibial  origin  ;  between  these  fi^urea  is  seen  the 
perforation  in  the  upper  part  of  the  interosseous 
membrane  ;  8,  tibialis  posticus  ;  8',  its  tendon,  pass- 
ing between  the  flexor  digitorum  communis  and  the 
tibia  ;  9,  flexor  digitorum  communis ;  9',  its  tendon, 
with  that  of  the  tibialis  posticus,  passing  behind  the 
malleolus  internus  ;  10,  flexor  longus  pollicis ;  10', 
placed  beside  its  tendon,  where  it  passes  over  the 
tibia  and  astragalus  ;  11,  peroneus  longus  ;  11',  its 
tendon  behind  that  of  the  peroneus  brevis,  passing 
down  behind  the  malleolus  externus;  12,  peroneus 
brevis. 


110/ 


-da 


and  are  inserted  into  all  that  triangular  sur- 
face of  the  tibia  which  is  above  the  posterior 
oblique  line. 

The  tendon  of  the  popliteus  muscle 
occupies  the  groove  on  the  femur  in  flexion 
only. 

The  popliteus  is  bound  down  by  an  aponeurosis, 
principally  derived  from  the  tendon  of  the  semi- 
membranosus muscle.  The  popliteal  vessels  and 
internal  popliteal  nerve  lie  upon  its  posterior 
surface,  and  it  is  covered  by  the  gastrocnemius 
muscle. 


10', 


tibialis  posticus. 


The  three  remaining  muscles  of  this  group 
are  bound  down  together  by  a  deep  fascia, 
which  extends  between  the  tibia  and  fibula, 
and  separates  them  from  the  soleus. 

TheyZexor  longus  digitorum  pedis,  ai  flexor 
perforans,  arises  from  the  posterior  surface 
of  the  tibia,  in  the  space  below  the  oblique 
line,  and  as  far  down  as  -within  three  inches  of 
.  ^  the  inner  ankle ;  it  likewise  aiises  by  aponeu- 

rotic fibres  connected  with  the  flexor  longus 
pollicis,  which  pass  over  the  surface  of  the 
The  fleshy  fibres  pass  obliquely  backwards  into  a  tendon 
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at  the  posterior  aspect  of  the  muscle.  The  tendon  descends  in  the  groove 
behind  the  internal  malleolus,  supei-ficial  to  the  tibialis  posticus,  and  invested 
by  a  distinct  fibrous  and  synovial  sheath  ;  it  is  then  directed  under  the 
arch  of  the  os  calcis,  obliquely  forwards  and  outwards,  into  the  sole  of 
the  foot,  where  it  crosses  below  the  tendon  of  the  flexor  longus  pollicis, 
and  is  connected  with  it  by  a  tendinous  slip  ;  it  then  divides  into  four 
parts,  which  pass  forwards  to  be  inserted  into  the  terminal  phalanges 
of  the  four  smaller  toes.  Each  digital  tendon  enters  a  fibrous  sheath  on 
the  toe  for  which  it  is  destined,  perforates  the  corresponding  tendon  of  the 
flexor  brevis  digitorum,  and  is  invested  with  synovial  membrane,  and  con- 
nected by  vincula  accessoria  to  the  phalanges  ;  the  whole  arrangement  being 
exactly  similar  to  that  which  has  been  already  described  as  occurring  in  the 
fingers. 

The  posterior  tibial  vessels  lie  upon  the  surface  of  the  flexor  longus  digitorum. 

Intimately  connected  with  the  tendon  of  the  flexor  longus  digitorum  are 
the  flexor  accessorius  and  the  lumhricales  muscles,  which,  although  they 
occupy  the  foot,  may  be  most  conveniently  described  in  this  place. 

The  flexor  accessorius  (moles  camea — Sylvius)  arises  by  two  heads,  the 
internal  and  larger  of  which  is  fleshy,  and  is  attached  to  the  inner  surface 
of  the  calcaneum,  while  the  external,  flat,  narrow  and  tendinous,  is  attached 
to  the  plantar  surface  of  the  calcaneum  a  little  in  front  of  the  external 
tubercle,  and  to  the  ligamentum  longum  plantse.  Those  origins  united  form 
a  muscular  mass  which  is  inserted  into  the  external  border  and  upper  and 
lower  surfaces  of  the  tendon  of  the  flexor  longus  digitorum. 

Fig.  218.  — MiDPLE  Later  op  the  Plantar  Mosoles  of  the 
Foot,  together  with  the  Tendons  op  the  Long  Flexors 

AND  THE  AcOESSORIDS  AND  LtJMBRIOALES  MusOLES.  5 

1,  tendon  of  the  flexor  longus  pollicis  muscle,  emerging 
behind  from  its  sheath  below  the  sustentaculum  tali,  and 
passing  deeper  than,  2,  the  tendons  of  the  deep  common  flexor  ; 
3,  two  heads  of  the  flexor  accessorius  ;  4,  the  four  lumhricales  ; 
6,  tendon  of  the  flexor  brevis  cut  short  and  left  on  the  second 
toe,  seen  splitting  to  allow  the  passage  through  it  of  the  tendon 
of  the  long  flexor ;  6,  flexor  brevis  pollicis ;  7,  flexor  brevis 
minimi  digit! ;  there  is  also  represented  on  the  outer  side  of 
the  foot  the  tendon  of  the  peroneus  longus  winding  round  the 
cuboid  bone,  to  pass  across  the  foot  in  its  groove,  where  it  is 
concealed  by  the  accessorius  and  other  muscles. 

The  lumbricales  muscles,  four  in  number,  arise  from 
the  tendons  of  the  flexor  longus  digitorum  at  their 
point  of  division,  each  being,  with  the  exception  of 
the  most  internal,  attached  to  two  tendons,  and  pass 
forward  to  the  inner  sides  of  the  four  outer  toes ;  each 
muscle  ends  in  a  tendon,  which  is  united  with  the  base 
of  the  flrst  phalanx,  and  is  inserted  into  the  expansion 
of  the  extensor  tendon  on  the  dorsum  of  the  toe. 

The  lumbricales  of  the  foot  are  less  fully  developed  than  those  of  the  hand.  They 
are  liable  to  the  same  variations. 

In  the  sole  of  the  foot  the  tendon  of  the  flexor  longus  digitorum,  together  with  the 
flexor  accessorius  and  lumbricales,  is  covered  below  by  the  flexor  brevis  digitorum  • 
the  plantar  nerves  and  hinder  part  of  the  external  plantar  artery  being  placed 


Fig.  218. 
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between  tliem.  This  divided  tendon,  with  its  additional  muscles,  conceals  the 
adductor  polUcis,  the  tendon  of  the  flexor  longus  poUicis,  the  trausvcrsus  pedis  the 
interossei  muscles,  and  the  plantar  arterial  arch. 

The  flexor  lomjus  pollicis  pedis  arises  from  the  two  inferior  thirds  of  the 
posterior  surface  of  the  fibula,  except  for  an  inch  at  its  lowest  part ;  from 
the  intermuscular  septum  interposed  between  it  and  the  peronei ;  and 
from  the  aponeurosis  common  to  it  and  the  flexor  longus  digitorum,  and 
which  covers  the  tibialis  posticus. 

The  muscular  fibres,  passing  obliquely  backwards  and  downwards,  end 
in  a  tendon  on  their  posterior  surface.  This  tendon  traverses  a  groove 
behind  the  tibia,  and  another  at  the  back  of  the  astragalus,  being  bound 
down  to  those  bones  by  fibrous  and  synovial  sheaths.  Thence  passing 
forwards  below  the  sustentaculum  tali,  it  is  connected,  in  the  sole  of  the 
foot,  by  a  tendinous  slip,  with,  the  tendon  of  the  flexor  longus  digitorum, 
by  which  it  is  crossed,  and  proceeds  in  a  fibrous  sheath  over  the  first 
phalanx  of  tlie  great  toe  to  be  inserted  into  the  base  of  the  terminal 
phalanx. 

Below  the  ankle  the  tendon  of  this  muscle  is  separated  from  those  of  the  tibialis 
posticus  and  flexor  longus  digitorum  by  an  interval  of  more  than  half  an  inch,  in 
which  are  placed  the  posterior  tibial  vessels  and  nerves. 

The  tibialis  posticus  muscle,  placed  between  the  two  long  flexor  muscles, 
arises  from  the  whole  interosseous  membrane  except  for  two  inches  at  the 
lower  end,  and  from  the  adjacent  surfaces  of  the  tibia  and  fibula,  the  tibial 
attachment  extending  from  the  superior  tibio-fibular  articulation  to  a  point 
at  a  lower  level  than  that  of  the  flexor  longus  digitorum,  and  the  attach- 
ment to  the  fibula  extending  along  the  three  middle  fifths  of  that  bone  ;  it 
also  arises  from  the  aponeurosis  derived  from  the  adjacent  muscles,  which 
covers  it.  The  muscular  fibres  end  in  a  strong  flat  tendon,  which,  passing 
between  the  tibia  and  the  long  flexor  of  the  toes,  turns  forwards  in  a  groove 
beneath  the  internal  malleolus,  and  is  inserted  into  the  tuberosity  of  the 
scaphoid  bone. 


Fig.  219. — Tkansveuse  Section  op  tue  Eight 
Foot  between  the  Tarsus  and  Metatarsus, 
showing   the   tendinous    and  aponeurotio 


StRUOTUEES  FROM  THE  FilONT. 


This  iigure  is  also  designed  to  show  the  trans- 
verse arch  formed  by  the  three  cuneiform  and  the 
cuboid  bones,  a,  articular  surface  of  the  internal 
cuneiform  bone  for  the  first  metatarsal ;  b,  the 
middle  cuneiform  ;  c,  the  external  cuneiform  ;  d  and 
e,  the  surfaces  of  the  cuboid  bone  for  the  fourth  and 
fifth  metatarsal  boues ;  between  these  bones  ai-e 
seen  the  strong  interosseous  and  plantar  ligaments 
which  bind  them  together;  1,  slip  of  the  tendon  of 
the  tibialis  anticus,  which  passes  on  to  its  insertion 
in  the  first  metatarsal  bone  ;  2,  tendon  of  the 
extensor  longus  pollicis  ;  3,  slip  of  the  extensor  brevis  digitorum  to  the  great  toe  ; 
3',  remainder  of  the  extensor  brevis  digitorum  ;  4,  four  slips  of  the  extensor  communis 
digitorum  longus  ;  6,  pcroneus  tertius  ;  6,  peroneus  brevis  ;  7,  peroneus  longus  cut 
obliquely  where  it  is  emerging  from  the  sheath  below  the  cuboid  bone  ;  beside  7,  the 
space  between  the  cuneiform  bones  and  the  subjacent  fascise  and  tendons  is  occupied  by 
loose  fatty  tissue ;  8,  tendon  of  the  flexor  longus  pollicis  ;  9,  tendon  of  the  flexor  com- 
munis digitorum  longus,  with  the  slip  of  union  from  the  flexor  pollicis  ;  10,  flexor 
accessorius  ;  11,  fleshy  part  of  the  abductor  pollicis  ;  12,  flexor  brevis  digitorum  ; 
13,  abductor  minimi  digiti. 
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From  the  insortion,  oflfsets  of  the  tendon  are  prolonged  forwards  to  all 
the  cuneiform  bones,  to  the  os  cuboides,  and  to  the  bases  of  the  second, 
third,  and  fourth  metatarsal  bones  ;  and  one  thin  process  is  durected  back 
to  the  sustentaculum  tali.  The  tendon  is  covered  by  a  synovial  membrane 
behind  the  malleolus.  Close  to  its  insertion,  where  it  lies  against  the  astra- 
galus, it  contains  a  sesamoid  fibro-cartilage,  which  is  occasionally  converted 
into  bone. 

The  tibialis  posticus  is  concealed  in  great  part  by  the  aponeurosis  prolonged  over 
it  from  the  muscles  on  either  side.  Superiorly  it  is  not  covered  by  these  muscles, 
and  supports  the  posterior  tibial  and  peroneal  vessels. 


SHORT  PLANTAR  MTTSCIES. 

Common  Fiexor  or  the  Toes.  — The  flexor  brevis  digitorvm,  or  flexor 
perforatiis,  arises  by  a  small  pointed  and  tendinous  attachment  from  the 
inner  part  of  the  greater  tuberosity  of  the  calcaneum,  from-  the  deep  sur- 
face of  the  plantar  fascia  for  about  two  inches  forwards,  and  from  the 
intermuscular  septum  on  each  side.  The  muscle  terminates  in  four  slender 
tendons,  inserted  into  the  second  phalanx  of  each  of  the  four  outer  toes. 
Each  tendon  prior  to  its  insertion  divides  and  gives  passage  between  its 
parts  to  the  tendon  of  the  long  flexor,  in  a  manner  precisely  similar  to  the 
arrangement  of  the  tendons  of  the  flexor  subUmis  and  flexor  profundus 
muscles  of  the  hand. 

This  muscle  lies  between  the  abductor  pollicis  and  abductor  minimi  digiti,  and  is 
covered  by  the  plantar  fascia,  which  adheres  very  closely  to  the  posterior  part  of  its 
surface,  and  gives  origin  there  to  some  of  its  fibres ;  it  conceals  the  flexor  acces- 
sorius,  with  the  tendons  of  the  flexor  longus  digitorum,  the  lumbricales,  and  the 
plantar  vessels  and  nerves. 


Fig.  220. — Superficial  Plantar  Muscles,  as  seen  on  the 
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Fig.  220. 


1,  abductor  pollicis  ;  2,  flexor  brevis  digitorum  dividing  into 
four  slips  for  the  lesser  toes  :  in  the  second,  the  sheath  is 
opened  so  as  to  show  the  tendon  of  the  flexor  brevis  perforated 
by  that  of  the  flexor  longus  ;  in  the  other  three  toes  the  trans- 
verse and  oblique  crossing  fibres  of  the  sheath  are  shown  ;  3, 
strongest  portion  of  the  plantar  aponeurosis  left  upon  the 
surface  of  the  flexor  brevis,  near  the  os  calcis  ;  4,  abductor 
minimi  digiti  :  the  lumbricales  muscles  are  also  in  part 
shown. 

Mdscies  op  the  Great  Toe. — The  abductoy 
pollicis  pedis  arises  from  the  inner  part  of  the  larger 
protuberance  of  the  calcaneum,  from  the  internal 
annular  ligament  and  the  tendinous  and  fibrous  struc- 
tures on  the  inner  border  of  the  foot  as  far  forwards 
as  the  internal  cuneiform  bone,  from  the  septum 
between  it  and  the  flexor  brevis  digitorum,  and  from 
the  plantar  fascia  covermg  it.  The  fleshy  fibres  end 
in  a  tendon,  which,  after  uniting  with  the  internal 
head  of  the  flexor  brevis  pollicis,  is  inserted  into 
the  inner  border  of  the  base  of  the  first  phalanx  of 
the  great  toe. 

The  flexor  brevis  pollicis  pedis,  smgle  aud  pointed  behind,  but  divided  into 
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two  parts  or  heads  in  front,  arises  by  a  flat  tendinous  process,  which  extends 
along  a  great  part  of  its  upper  surface,  from  the  inner  border  of  the  cuboid 
bone,  and  from  the  tendinous  band  sent  to  the  cuneiform  bones  from  the 
tendon  of  the  tibialis  posticus.  The  heads  into  which  the  muscular  mass 
divides  are  intimately  connected  each  with  one  of  the  sesamoid  bones  of  the 
first  metafcarso-phalangeal  articulation,  and  are  inserted,  one  into  the  inner 
border  of  the  base  of  the  first  phalaux  in  union  with  the  abductor  poUicis, 
the  other  into  the  outer  border  in  union  with  the  adductor. 

The  tendon  of  the  flexor  longus  pollicis  runs  in  the  interval  between  the  heads 
of  the  short  flexor. 


The  adductor  pollicis  pedis,  placed  obliquely  in  the  sole  of  the  foot,  and 
forming  a  thick  fleshy  mass,  arises  from  the  tarsal  extremity  of  the  thir  l 
and  fourth  metatarsal  bones,  and  from  the  sheath  of  the  peroneus  longus 
muscle  ;  narrowing  as  it  passes  forwards,  it  is  inserted,  conjointly  with  the 
external  head  of  the  flexor  brevis  pollicis,  into  the  base  of  the  first  phalanx 
of  the  great  toe. 

The  transversus  pedis  consists  of  a  series  of  narrow  fasciculi  of  fleshy 
fibres,  placed  transversely  under  cover  of  the  flexor  tendons,  and  arising, 
beneath  the  heads  of  the  second,  third,  and  fourth  metatarsal  bones,  from 
the  ligaments  connecting  those  bones  with  the  phalanges.  Its  outer  ex- 
tremity is  attached  usually  to  the  lateral  ligament  connecting  the  fifth 
metatarsal  bone  with  the  first  phalanx  of  the  little  toe  ;  but  it  often 
commences  only  at  the  fourth.  The  fibres  of  the  muscle  pass  transversely 
inwards,  and  are  inserted  in  union  with  the  adductor  pollicis  into  the  first 
phalanx  of  the  great  toe. 


Fig.  221.— Deeper  Plantar  Muscles,  as  seen  after  thr 

REMOVAL  OP  the  LoNG  FlEXOR  TeNDONS  AND  THE  ACOES- 
SORY  AND  LUMBRIOALES  MuSCLES.  5 

1,  flexor  brevis  pollicig  ;  2,  adductor  pollicis  ;  3,  transversus 
pedis ;  4,  flexor  brevis  minimi  digiti ;  5,  5,  part  of  the  third 
and  fourth  dorsal  interossei  ;  6,  6,  the  second  and  third  plantar 
interossei  ;  7,  tendon  of  the  peroneus  longus  passing  round 
the  cuboid  bone  to  enter  its  groove  ;  8,  long  plantar  ligament 
passing  forwards  to  the  ridge  of  the  cuboid  bones  and  spreading 
over  the  groove  of  the  peroneus  tendon  :  in  the  upper  part  of 
the  figure,  on  the  inner  side,  the  opened  sheaths  of  the  flexor 
longus  pollicis  and  flexor  longus  digitorum  are  shown. 

Muscles  op  the  Little  Toe. — The  abductor 
minimi  digiti  has  a  wide  origin  behind,  from  the 
front  of  both  tubercles  on  the  under  surface  of  the 
OS  calcis,  from  the  external  intermuscular  septum, 
and  from  the  upper  surface  of  the  process  of  the 
plantar  fascia  which  extends  from  the  external 
tubercle  to  the  base  of  the  fifth  metatarsal  bone. 
The  fleshy  fibres  end  in  a  tendon,  which,  after  sliding 
along  a  smooth  impression  on  the  inferior  surface 
of  the  base  of  the  fifth  metatarsal  bone,  is  inserted 
into  the  external  surface  of  the  base  of  the  first 
phalanx  of  the  little  toe. 

This  muscle  is  covered  by  the  plantar  fascia.   Its  deep  surface  is  in  contact  with 
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the  external  head  of  the  flexor  acccssorius,  the  ligamentum  longum  plantse,  the 
peroneus  longus,  and  the  flexor  brevis  minimi  digiti. 

The  flexor  brevis  minimi  digiti  arises  by  tendinous  fibres  from  the  base  of 
the  fifth  metatai-sal  bone,  and  from  the  sheath  of  the  peroneus  longus,  and 
terminates  in  a  tendon  which  is  inserted  into  the  base  and  external  border 
of  the  first  phalanx  of  the  Httle  toe.  It  is  covered  partly  by  the  abductor 
minimi  digiti,  partly  by  the  plantar  fascia. 

The  Interosseous  Muscles  of  the  foot,  like  those  of  the  hand,  are  seven 
in  number,  three  plantar  and  four  dorsal;  the  plantar  interossei,  visible 
only  from  the  under  side,  arise  each  from  only  one  metatarsal  bone,  and 
theii-  action  is  to  approximate  the  toes  ;  the  dorsal  muscles,  visible  both  from 
above  and  below,  arise  each  from  two  metatarsal  bones,  and  in  their  action 
separate  the  toes.  The  arrangement  of  the  second  dorsal  and  first  plantar 
interosseous  muscles  of  the  foot,  in  relation  to  the  toes,  is  somewhat  difi"erent 
from  that  of  the  corresponding  muscles  of  the  hand. 


A 


Fig.  222. 


B 


Fig.  222,  A. — Deep  Dissection  of  the 
Dorsum  op  the  Foot,  to  show  the 
Dorsal  Interosseous  Muscles.  J 

1,  2,  3,  4,  the  several  dorsal  iuter- 
osseous  muscles  :  the  final  insertion  of 
the  extensor  tendons  into  the  phalanges  of 
the  toes  is  also  shown  in  this  figure,  more 
particularly  in  the  great  toe,  and  the  sepa- 
rate insertion  of  the  tendons  of  the  short 
and  the  long  extensor, 

B. — Deep  Dissection  op  the  Sole  op 
THE  Foot,  to  show  the  Plantar 
Interosseous  Muscles.  5 

1,  2,  3,  the  three  plantar  interossei ; 
this  figure  also  shows  the  long  and  short 
plantar  ligaments,  and  the  insertion  of  the 
tendon  of  the  peroneus  longus  muscle  into 
the  first  metatarsal  bone. 


The  dorsal  interossei  are  arranged 
so  as  to  separate  the  toes  from  the 
line  in  which  the  second  toe  rests  ; 
they  lie  one  in  each  interspace,  their 
fibres  radiating  pennately  from  a 
central  tendon  ;  and  they  terminate 
partly  in  the  first  phalanx  and  partly 

in  the  extensor  aponeurosis  of  the  toe  to  which  each  belongs.  The  first 
two  are  inserted  one  on  each  side  of  the  second  toe  ;  the  third  and  fourth, 
are  inserted  on  the  outer  sides  of  the  third  and  fourth  toes. 

The  plantar  interossei,  arranged  so  as  to  approximate  the  three  outer  toes 
to  the  second,  arise  from  the  inner  and  under  surfaces  of  the  third,  fourth, 
and  fifth  metatarsal  bones,  and  are  inserted  in  a  manner  similar  to  the  dorsal 
interossei  into  the  inner  sides  of  the  first  phalanges  of  the  third,  fourth, 
and  fifth  toes. 

Actions  of  the  Muscles  op  the  Leo  and  Foot. — There  is  only  one  muscle  of  the 
leg,  viz.,  the  x>oxjlitetis,  which  acts  on  the  knco-joint  alone.  Its  principal  action  is 
that  of  a  rotator  inwards  of  the  lower  leg ;  and  it  is  interesting  to  observe  that  while 
rotation  of  the  leg  at  the  knee-joint  occurs  only  in  flexion,  it  is  in  that  position  only 
that  the  tendon  of  the  poplilcus  lies  in  its  groove  on  the  femur. 
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tl,  Jinnf"  wT^^f"*  °f       k'l^^  ^'^'l  as  an  extensor  of 

fln  .  f  '"''f     °f  ^^"^  I'^S      ^''^^  ankle-joint,  it  is  fitted  to  act 

as  a  flexor  of  the  knee  ;  .vlicn  the  knee  is  fixed  cither  by  being  placed  in  complete 
ex  ension  or  by  the  sustained  action  of  the  extensor  muscles,  the  gastrocnemius  acts 
entirely  on  the  foot,  and  combines  with  the  solezis  in  extending  the  ankle  and  astragalo- 
calcaneal  joints  By  the  complete  contraction  of  these  muscles  the  heel  is  lifted  from 
the  ground  and  the  body  is  raised  on  the  toes.  In  leaping,  as  the  limb  is  suddenly 
straightened  by  extension  both  at  the  knee  and  ankle  joints,  the  gastrocnemius  acts  in 
the  most  advantageous  manner  possible  on  the  foot,  seeing  that  by  the  movement 
ot  the  knee  its  fibres  are  kept  stretched. 

The  tibialis  antiais  muscle  flexes  the  foot  upon  the  leg  and  raises  its  inner  side- 
the  peroneus  tertius  flexes  the  foot  and  raises  its  outer  side :  the  tibialis  posticus 
extends  the  foot  and  gives  it  an  inward  direction :  the  peroneus  longus  and  brevis 
extend  the  foot  and  give  it  an  outward  direction.  The  peroneus  longus,  in  crossing 
the  foot  inferiorly,  strengthens  the  transverse  arch  formed  by  the  metatarsal  bones  and 
anterior  range  of  tarsal  bones ;  especially  when  that  arch  is  pressed  upon  by  the 
weight  of  the  body  falling  on  the  balls  of  the  toes,  as  in  stooping  with  bended  knees. 

flexor  and  extensor  muscles  of  the  toes,  including  the  lumbricales,  act  like  the 
corresponding  muscles  in  the  hand.  The  direction  of  the  flexor  longus  digitorum  is, 
however,  modified  by  the  flexor  accessorius,  so  as  to  bring  its  line  of  action  into 
the  direction  of  the  middle  of  the  foot  and  of  the  short  flexor.  The  flexor  accessorius 
and  tendon  of  the  foot  and  of  the  long  flexor  likewise  assist  the  short  flexor  and  the 
plantar  aponeurosis  in  maintaining  the  arch  of  the  foot. 


FASCIA  OF  THFi  LOWER  LIMB. 

TTie  svperficial  fascia  of  the  lower  limb  is  similar  to  that  of  other  parts  of 
the  body.  The  subcutaneous  layer  is  continuous  with  that  of  the  lower 
part  of  the  abdomen.  The  disposition  of  the  deeper  and  more  membranous 
part  on  the  front  of  the  thigh  deserves  attention  in  respect  that  it  is  so 
firmly  attached  to  Poupart's  ligament  as  to  prevent  the  passage  of  fluids 
\mder  it,  from  the  thigh  to  the  abdomen. 

The  aponeurosis  of  the  loiver  limb,  or  fascia  lata,  is  similar  to  the  aponeu- 
rosis of  the  upper  limb,  but  in  some  parts  much  stronger. 

In  the  gluteal  region  it  is  attached  to  the  crest  of  the  ilium,  and  descends 
as  a  strong  membrane  on  the  surface  of  the  gluteus  medius,  as  far  as  the 
upper  margin  of  the  gluteus  maximus  muscle  ;  it  there  divides  into  two 
layers,  one  superficial  to  the  gluteus  maximus,  a  continuous  sheet,  attached 
at  its  inner  end  to  the  sacrum,  the  other  on  the  deep  surface  of  that  muscle. 
These  two  layers  incase  the  muscle,  and  again  unite  at  its  inferior  margin. 

On  the  thi{ih  the  fascia  lata  forms  a  continuous  sheath,  varying  in  thick- 
ness in  different  parts.  It  is  strongest  on  the  outer  aspect  of  the  limb, 
where  its  dense  and  glistening  parallel  fibres  give  it  much  the  appearance  of 
a  tendinous  aponeurosis,  and  where  it  serves  the  purpose  of  a  tendon  to  the 
tensor  vaginae  femoris,  and  to  a  large  part  of  the  gluteus  maximus.  It  is 
thinnest  in  the  upper  and  inner  part  of  the  thigh,  where  it  covers  the 
adductor  muscles.  Near  the  knee,  it  is  considerably  strengthened  by  ten- 
dinous expansions  given  off  from  the  lower  termination  of  the  extensor  and 
flexor  muscles  of  the  knee-joint. 

In  front  of  the  thigh,  a  little  below  and  external  to  the  inner  end  of 
Poupart's  ligament,  is  placed  the  saphenous  opening,  an  aperture  in  the 
fascia  lata  through  which  the  internal  saphenous  vein  passes  to  join  the 
femoral  vein,  and  which  receives  special  attention  from  its  being  the  place  of 
exit  of  femoral  hernia.  The  outer  part  of  this  opening  extends  to  the 
femoral  artery,  and  is  bounded  externally  by  a  cresceutic  margin,  the  fal- 
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ci/orm  process,  which  crosses  the  surface  of  the  infmidibuliform  sheath  of  the 
femoral  vessels.  This  margin  in  the  middle  of  its  extent  is  continued  into 
looser  tissue,  but  superiorly  and  inferiorly  it  ends  in  two  more  distinct 
incurved  extremities,  the  superior  and  inferior  cornua.  The  inferior  comu, 
the  most  completely  defined  part  of  the  margin,  lies  in  the  angle  between 
the  internal  saphenous  and  the  femoral  vein,  below  their  junction ;  while 
the  superior  comu  forms  a  larger  curve,  and  is  bound  down  to  the  fascia  of 
the  thigh  a  little  below  and  in  front  of  Gimbemat's  ligament. 

It  is  customary  to  call  the  parts  of  the  fascia  lata  which  are  placed 
external  and  internal  to  the  saphenous  opening  the  iliac  and  pubic  portions. 
The  iliac  portion  is  intimately  connected  above  with  Poupart's  ligament, 
as  well  as  with  the  fascia  transversalis  and  deep  layer  of  the  superficial 
fascia  of  the  abdomen,  and  internally  forms  the  falciform  margin  of  the 
saphenous  opening  ;  the  pubic  portion,  attached  superiorly  to  the  pectineal 
line,  passes  on  its  outer  side  deeply  behind  the  sheath  of  the  vessels,  with 
which  it  is  connected,  and  is  continued  into  the  fasciae  between  the  muscles. 

In  the  natural  state,  the  saphenous  opening  is  filled  up  by  the  cribriform 
fascia,  a  thin  and  somewhat  irregular  membrane  which  is  continuous  exter- 
nally with  the  falciform  margin  of  the  opening,  and  is  attached  internally 
to  the  surface  of  the  pubic  portion  of  the  fascia  lata  :  it'  receives  its  name 
from  being  perforated  by  numerous  small  blood-vessels  and  by  the  superficial 
lymphatics  of  the  thigh  as  they  pass  in  to  join  the  deep  group. 

The  fascia  lata  of  the  thigh  has  various  deep  processes.  One  of  these, 
leaving  the  main  fascia  at  the  insertion  of  the  tensor  vaginse  femoris  muscle, 
passes  upwards  within  that  muscle  as  a  strong  flat  band  on  the  surface  of 
the  vastus  extemus,  and  is  attached  superiorly  round  the  origin  of  the  rectus 
femoris,  and  to  the  tendinous  arch  at  the  insertion  of  the  gluteus  minimus 
muscle.  Two  processes,  the  external  and  internal  intermuscular  septa,  bind 
the  fascia  to  the  femiu:  in  the  lower  part  of  the  thigh  :  the  external  septum, 
situated  between  the  vastus  extemus  muscle  and  the  short  head  of  the  biceps, 
is  inserted  into  the  linea  aspera  from  the  lower  border  of  the  tendon  of  the 
gluteus  maximus  to  the  outer  condyle  of  the  bone  :  the  internal  septum, 
much  thinner,  is  inserted  into  the  femur  between  the  vastus  intemus  and 
the  adductor  muscles. 

Sheaths  of  the  Femoral  Vessels. — The  femoral  vessels  are  surrounded  by  an 
investment  of  fascia,  which  in  its  upper  part  is  particularly  distinct,  and 
receives  the  name  of  the  crural  sheath.  This  sheath,  commencing  at  the 
deep  crural  arch,  is  continuous  with  the  fascia  transversalis  and  fascia  iliaca. 
Its  outer  border  descends  in  contact  with  the  artery,  while  its  inner  border 
is  inclined  outwards  from  the  margin  of  Gimbemat's  ligament,  and  comes  in 
contact  with  the  vein  at  the  distance  of  less  than  an  inch  lower  down  : 
the  sheath  is  therefore  funnel-shaped.  It  is  divided  into  three  compart- 
ments, separated  by  thin  septa  :  the  outermost  contains  the  artery,  the 
middle  one  the  vein,  and  the  innermost  forms  a  space  the,  upper  end  of 
which  corresponds  to  the  crural  ring,  and  which  is  occupied  by  a  lymphatic 
gland  and  some  fat ;  this  compartment  is  interesting  to  the  surgeon  as  being 
the  passage  by  which  femoral  hernia  descends,  and  on  this  account  has  been 
named  the  crural  canal. 

Extending  upwards  from  the  opening  for  the  femoral  vessels  in  the 
adductor  magnus  muscle,  is  an  aponeurotic  membrane  which  consists  of  trans- 
verso  fibres  passing  from  the  surface  of  the  vastus  intemus  to  the  adductor 
magnus  and  adductor  longus  muscles.    It  becomes  thinner  as  it  ascends 
and  it  encloses  between  the  muscles  named  a  passage  sometimes  called 
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Hunter^s  canal,  whicli  contains  tlie  femoral  artery  and  vein,  together  with 
the  internal  saphenous  nerve. 

The  aponeurosis  of  the  leg  is  particularly  dense  in  the  upper  and  fore 
part,  and  is  strengthened  by  fibres  from  the  tendons  of  the  biceps  extemally, 
and  the  sartorius,  gracilis,  and  semimembranosus  internally.  Behind,  over 
the  popliteal  space,  it  consists  of  strong  transverse  fibres,  which  bind 
together  the  muscles  of  the  outer  and  inner  sides,  and  is  perforated  at  the 
lower  part  of  the  space  by  the  external  saphenous  vein  j  lower  down  it  becomes 
much  thinner  over  the  gastrocnemius  muscle.  This  fascia  is  adherent  to 
the  periosteum  covering  the  head,  the  spine  and  the  posterior  margin  of  the 
tibia,  the  head  of  the  fibula,  and  the  outer  and  inner  malleoli ;  and  it  invests 
the  leg  completely  except  at  the  inner  surface  of  the  tibia.  From  its 
deeiD  surface  intermuscular  septa  are  prolonged  inwards.  The  situatioa  of 
these  septa  is  marked  on  the  surface  of  the  fascia  by  several  white  lines  in 
front  and  on  the  outer  side  of  the  leg.  One,  parallel  to  the  spine  of  the 
tibia,  runs  between  the  tibialis  anticus  and  the  extensor  longus  digitorum, 
and  is  attached  deeply  to  the  interosseous  membrane  ;  and  another  extending 
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Fig.  223. — SupERFioiAL  Muscles  and  Tendons  on 
THE  Dorsum  op  the  Foot  and  Lowee  Part  of 
THE  Leg  anteriorly  (after  Bourgery).  J 

a,  lower  part  of*  the  tibia  ;  b,  lower  part  of  the 
fibula  above  the  malleolus  externus  ;  c,  inner  side  of 
the  scaphoid  bone;  d,  internal  cuneiform  bone;  1, 
lower  part  of  the  tibialis  anticus  muscle  ;  1',  its 
tendon  descending  in  the  groove  of  the  internal  cunei- 
form bone  ;  2,  extensor  longus  pollicis  ;  2',  its  expan- 
sion on  the  dorsum  of  the  great  toe  ;  3,  extensor 
communis  digitorum  dividing  into  its  four  tendons  for 
the  toes ;  3',  the  expansion,  and  3",  the  final  inser- 
tion of  the  same  upon  the  second  toe ;  4,  peroneus 
tertius  ;  4',  its  expanded  insertion  on  the  base  of  the 
fifth  metatarsal  bone  ;  5,  small  part  of  the  fibres  of 
the  soleus  on  the  inner  side  of  the  tibia  ;  6,  small 
part  of  the  peroneus  brevis  ;  7,  extensor  brevis  digi- 
torum, seen  below  the  tendons  of  the  extensor  longus 
and  peroneus  tertius  ;  7',  7",  on  a  band  of  aponeu- 
rosis crossing  the  toes,  the  first  and  fourth  tendons  of 
the  extensor  brevis  muscle  passing  to  joiu  those  of  the 
long  extensor  ;  8,  9,  anterior  annular  ligament, 
chiefly  in  its  lower  part  or  ligamentura  cruciatum ; 
between  8  and  c,  the  inner  and  lower  band  enclosing 
the  extensor  longus  pollicis  and  tibialis  anticus ; 
below  9,  the  outer  part  of  the  same  enclosing  the 
tendons  of  the  extensor  communis  and  peroneus 
tertius  ;  10,  11,  dorsal  transverse  band  of  the  aponeu- 
rosis of  the  foot,  uniting  the  heads  of  the  metatarsal 
bones. 


between  the  long  extensor  and  peroneus 
tertius  in  front,  and  the  peroneus  longus 
and  brevis  behind,  is  inserted  along  the 
anterior  margin  of  the  shaft  of  the  fibula. 
These  septa,  as  well  as  the  upper  and  anterior  portion  of  the  fascia  itself, 
afford  attachment  to  the  muscular  fibres,  and  thus  increase  greatly  the 
extent  of  the  surfaces  from  which  the  muscles  derive  their  or. gni 

Between  the  superficial  and  the  deep  muscles  on  the  back  of  the  leg,  a 
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layer  of  fascia  is  stretched  from  side  to  side  across  t^  limb  known  as  the 
deep  fascia  of  the  leg.  Where  covered  by  the  soleus  and  gastrocnemius, 
this  fascia  is  weak,  but  it  becomes  stronger  as  it  escapes  from  under  cover 
of  those  muscles  and  approaches  the  malleoli. 

Below  the  ankle  the  fascia  of  the  leg  becomes  continuous  with  that  of 
the  foot.  In  front,  and  on  the  sides  of  that  joint,  it  is  strengthened  by 
broad  bands  of  fibres,  which  are  called  annular  ligaments.  These  bands 
being  merely  stronger  portions  of  the  ordinary  fascia,  it  is  often  difficult 
in  dissection  to  mark  satisfactorily  the  exact  line  of  their  upper  and  lower 
margins.  They  serve  aa  retinacula,  confining  the  tendons  in  their  natiiral 
positions. 

The  anterior  anmtlar  ligament  includes  two  structures,  one  placed  on  the 
lower  part  of  the  leg,  the  other  opposite  the  bend  of  the  ankle.  The  upper 
band,  ligamentum  transverstim  cruris  (Henle),  of  considerable  breadth, 
stretches  from  the  lower  end  of  the  fibula  to  the  lower  end  of  the  tibia,  and 
binds  down  the  vertical  portion  of  the  extensor  tendons  as  they  turn  forwards 
to  the  foot  :  the  sheath  for  the  tendon  of  the  tibialis  anticus  is  distinct  from 
the  others.  The  loioer  band,  ligamentum  cruciatum  cruris  (Henle),  presents 
superficially  the  appearance  of  the  letter  Y  placed  upon  its  side,  being  single 
in  its  outer  half,  and  usually  divided  into  two  branches  internally.  The 
outer  portion  consists  of  a  strong  loop  of  fibres  arising  from  the  fore  part  of 
the  OS  calcis,  completely  surrounding  the  peroneus  tertius  and  extensor 
longus  digitorum  muscles,  and  inserted  into  the  fore  part  of  the  os  calcis, 
deep  in  the  hollow  between  that  bone  and  the  astragalus.  Less  regiilar  is 
the  arrangement  of  the  bands  which  pass  from  the  extremity  of  the  loop  to 
the  inside  of  the  foot :  the  strongest  and  most  constant  band  passes  super- 
ficial to  the  extensor  pollicis  and  on  the  deep  surface  of  the  tibialis  anticus 
muscle,  only  a  few  fibres  passing  superficial  to  the  latter  ;  while  another 
band,  lower  down,  is  inserted  into  the  inner  side  of  the  foot,  in  front  of  the 
ankle,  after  crossing  both  those  tendons. 

The  loop  formed  by  the  outer  part  of  this  ligament  derives  additional  interest  from 
being  present  in  the  lower  animals,  as  may  be  well  seen  in  the  dog  or  cat,  and  in 
the  horse. 

The  internal  annula/r  ligament  crosses  the  space  between  the  inner  ankle 
and  the  heel,  through  which  the  tendons  of  the  flexor  muscles  nm.  Its 
upper  border,  continuous  with  the  fascia  of  the  leg  (more  especially  the 
deep  layer),  is  very  imperfectly  defined  ;  and  its  lower  border,  giving 
origin  to  many  fibres  of  the  abductor  pollicis,  is  but  little  more  distinct. 
Its  anterior  extremity  is  attached  to  the  inner  malleolus,  and  its  posterior 
termination  is  inserted  into  the  inner  margin  of  the  calcaneum  ;  but  between 
these  two  points  it  arches  over  several  osseous  grooves  so  as  to  form  canals 
for  the  passage  of  tendons.  The  first  canal  (next  the  malleolus)  contains 
the  tendon  of  the  tibialis  posticus,  and  the  second  that  of  the  flexor  longus 
digitorum,  each  being  provided  with  a  synovial  lining.  Then  follows  a 
wider  space  for  the  passage  of  the  posterior  tibial  vessels  and  nerve.  Lastly, 
a  fourth  canal  upon  the  astragalus,  lined  like  the  two  first  by  a  synovial 
bursa,  transmits  the  tendon  of  the  flexor  longus  pollicis. 

The  external  annular  ligament  extends  from  the  point  of  the  outer  mal- 
leolus to  the  outer  surface  of  the  calcaneum,  and  keeps  in  place  the  tendons 
of  the  long  and  short  peronei  muscles.    The  tendons  are  close  together 
and  are  surrounded  by  one  synovial  sac.  °  ' 
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The  fascia  on  the^orsum  of  the  foot  is  reduced  to  a  thin  membrane  pro- 
longed from  the  anterior  annular  ligament  over  the  extensor  tendons. 
Beueatli  it,  deep  fasciae  are  placed  over  the  short  extensor  of  the  toes  and 
the  interossei  muscles. 

The  2^lantar  fascia  is  stronger  and  thicker  than  any  other  of  the  fibrous 
membranes.  It  is  composed  of  dense,  white,  glistening  fibres,  the  greater 
number  of  which  are  ranged  in  a  longitudinal  direction,  and  extend 
from  the  under  surface  of  the  os  calcis  forwards  to  the  heads  of  the  meta- 
tarsal bones.  It  presents  a  central  and  two  lateral  portions,  clearly 
marked  ofi'  from  each  other  by  two  strong  intermuscular  septa,  indicated 
on  the  surface  by  grooves.  The  inner  portion,  very  thin  and  unlike  the 
others,  invests  the  abductor  poUicis,  and  is  often  partly  removed  with  the 
skin  in  dissection.  It  is  continuous  round  the  inner  border  of  the  foot 
with  the  dorsal  fascia  and  with  the  internal,  annular  ligament.  The  outer 
part  covers  the  abductor  minimi  digiti,  and  is  much  stronger,  particularly 
between  the  outer  tubercle  of  the  calcaneum  and  the  base  of  the  fifth 
metatarsal  'bone,  between  which  points  it  forms  a  strong  ligament.  It  is 
continuous  round  the  outer  border  of  the  foot  with  the  dorsal  fascia,  and 
sends  a  thin  prolongation  forwards  over  the  insertion  of  the  abductor  and 
the  short  flexor  of  the  little  toe.  The  central  portion,  like  the  corre- 
sponding part  of  the  palmar  fascia,  is  narrow  behind,  and  becomes  wider 
and  thinner  towards  the  toes.  At  the  back,  where  it  -is  thickest,  the  fascia 
is  attached  to  the  inner  tubercle  on  the  under  surface  of  the  calcaneum 
immediately  behind  the  origin  of  the  flexor  brevis  digitorum,  with  which 
muscle  it  is  closely  connected.  Nearly  opposite  the  middle  of  the  meta- 
tarsal bones,  this  fascia,  becoming  broader  and  thinner  as  it  advances, 
begins  to  divide  into  five  processes,  one  for  each  of  the  toes  ;  and  from  this 
point  forwards  to  the  base  of  the  toes,  numerous  strong  transverse  fibres 
are  superadded,  wliich  bind  the  processes  together,  and  connect  them 
closely  with  the  skin.  Near  the  articulation  of  the  toes  with  the  metatarsal 
bones,  each  of  the  five  processes  divides,  to  permit  the  passage  of  the  flexor 
tendons  ;  and  the  two  bundles  of  fibres  resulting  from  the  division  of  each 
process,  after  strengthening  the  sheath  of  the  tendons  over  which  they  pass, 
are  attached  to  the  sides  of  the  metatarsal  bone,  and  are  blended  with  the 
transverse  ligament  uniting  those  bones.  From  the  point  of  splitting  of 
each  process,  as  in  the  hand,  fibrous  bands  are  continued  forwards  to  the 
skin  in  the  division  between  the  toes. 

The  two  intermuscula/r  septa  which  lie  between  the  middle  and  lateral 
portions  of  the  plantar  fascia  are  prolonged  deeply  upwards  into  the  sole 
of  the  foot  ;  they  separate  the  flexor  brevis  digitorum  from  the  abductor 
pollicis  on  the  inner  side,  and  from  the  abductor  minimi  digiti  on  the  outer 
side,  and  give  partial  origin  to  each  of  these  muscles. 

In  both  the  foot  and  the  hand  there  is  a  band  of  transverse  fibres  across 
the  roots  of  the  digits,  placed  immediately  beneath  the  skin,  and  connected 
with  the  subjacent  sheaths  of  the  tendons.  The  digital  nerves  and  vessels 
are  covered  by  this  structure,  which  receives  the  name  of  transverse  liga- 
ment of  the  toes  or  fingers.  In  the  foot  a  somewhat  similar  band,  but  con- 
sisting merely  of  a  stronger  part  of  the  dorsal  aponeurosis,  crosses  the  place 
of  the  metatarso-phalangeal  articulations. 


